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SIR, 


YOUR character as a ſeholar will 
be a ſufficient apology for my defiring the honor of 
inſeribing the following ſheets to you, not doubting 
but that your goodneſs will pardon the liberty I 
take, as it will afford me an opportunity of teſti- 

ing the high reſpe# and eſteem with which 
Jam, Hop a 
Sir, 
Your moſt devoted, 
Moſt obedient, and 
Moſt humble Servant, 


BLITH HANCOCK, 
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P R E F A C E. 


ln in general is neceſſary to mankind, 
and eſſentially contributes to the happineſs 
of thoſe who have experienced that active curio- 
ſity which induceth chern to penetrate the won- 
ders of nature. 

It is not ſufficient,” “ fays Seneca, to know 
te what we owe to our country, to our family, 
4 to our friends, and to ourſelves, if we have 


* not ſtrength of mind to perform thoſe duties; 


«« jt is not ſufficient to eſtabliſh precepts, we 
e muſt remove impediments, ut ad præcepta, 
« qua damus poffit animus ire, folvendus et. 
(Epiſt. 95.) Nothing anfwers better this pur- 
poſe than the application to the ſtudy of the 
ſyſtem of the world; the wonders which are 
diſcovered captivate the mind, and occupy it in 
a noble manner; they elevate the imagination, 
improve the underſtanding, and fatiate the heart. 
The greateft philoſophers of antiquity have 
been of this opinion : Pythagoras was accuſ- 
tomed to ſay, that men ſhould have but two 
ſtudies; that of nature, to enlighten their un- 
derſtandings; and of virtue, to regulate their 


hearts. In effect, to become virtuous; not thro” 


weakneſs, but by principle, we muſt be able to 
reffect and think cloſely ; we maſt; by dint of 
ſtudy, be delivered from prejudices which make 
us err in our judgments, and which are ſo many 
impediments to the progreſs of cur reaſon, and 
the improvement of our mind, Plato held the 


ſtudy 


vi 
ſtudy of nature in the Gs eſteem; he even 
goes far as to ſay, that eyes were given to 
man to contemplate the Heavens. 

The knowledge of the ſyſtem of the world 
has delivered us from the apprehenſions which 
ignorance occaſions; can we recal without com- 
paſſion the ſtupidity of thoſe people who be- 
lieved, that by making a great noiſe when the 
Moon was eclipſed this Goddeſs received relief 
from her ſufferances, or that eclipſes were pro- 
duced by enchantments. 

The ene. 56a of the ſyſtem of the world 
has diſſipated the errors of Aſtrology, by whoſe 
fooliſh predictions mankind had been ſo long 
abuſed. Hence it was neceſlary that a ſpirit of 
Philoſophy and reſearch ſhould . itſelf 
among mankind, open their underſtandings, 
unveil the limits of nature, and accuſtom them 
not to be terrified without examination, and 
without proof. 


To the knowledge of the ſyſtem of the world 


are owing the improvements in Coſmography, 
Geography, and Navigation; the obſervation 
of the height of the Pole taught men that the 
earth was round; the eclipſes of the Moon 
taught how to determine the longitude of the 
different countries of the world, or their mu- 
tual diſtances from Eaft to Weſt. The diſco- 
veries of the ſatellites of Jupiter have contri- 
buted more effectually to improve geographical 
or marine charts than a thouſand years common 
ractice in navigation; and when their theo 
will be better known, the method of longitudes 


will be ſtill more exact and more eaſy; and no- 


thing 
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thing ſeems to be wiſhed for to render Naviga- 
tion more perfect and ſecure, but a method for 
finding, with caſe, the longitude at fea, which 
is now obtained by the appulſes of the Moon to 
the Sun and fixed Stars; and if the navigators 
of this kingdom were initiated in Aſtronomy by 
able teachers, as is practiſed in other parts of 
Europe, their eſtimation would approach within 
= twenty or thirty miles of the truth, whilſt, in 
ordinary voyages, the uncertainty ſometimes 
amounts to more than an hundred leagues, by 
which the lives and fortunes of thouſands are 
endangered. 

The utility, therefore, of the Marine to thoſe 
Ekingdoms, where expire, power, commerce, 
even peace and war are decided at ſea, proves 
that of the knowledge of the ſyſtem of the world. 

The actual ſtate of the laws, and of the eccle- 

ſiaſtical adminiſtration, is eſſentially connected 
with the ſyſtem of the world: St. Auguſtine re- 
commended the ſtudy of it particularly for this 
reaſon; St. Hyppolite applied himſelf to it, as 
alſo many fathers of the church. 
Agriculture borrowed formerly from the mo- 
tions of the celeſtial bodies its rules and its indi- 
cations; Job, Heſiod, Varro, Eudoxus, Aratus, 
Ovid, Pliny, Columella, and Menilius, furniſh a 
great number of proofs of it. The Pleyades, Arc- 
turus, Oryon, Syrius, gave to Greece and Egypt 
the ſignal of the different works; the riſing of 
Syrius announced to the Greeks the harveſt, 
to the Egyptians the overflowing of the Nile. 

Ancient chronology deduces from the know- 
Z ledge and calculation of eclipſes the moſt fixed 
| points 
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points which can be found, and in remote times 
we find but obſcurity. The Chineſe chronology 
is entirely founded upon eclipſes, and we ſhould 
have no uncertainty in the ancient hiſtory 
of nations, as to the dates, if there were al- 
ways Philoſophers. It is from the ſyſtem of the 
world we borrow the diviſion of time, and the 
art of regulating clocks and watches; and it 
may be ſaid, that the order and multitude of our 


affairs, our duties, our amuſements, our taſte 


for exactneſs and preciſion, our habitudes, have 
rendered this meaſure of time almoſt indiſpenſa- 


ble, and have placed it in the number of the 


neceſſaries of life. 

Thus the manifold advantages which reſult 
from the knowledge of the ſyſtem of the world, 
has cauſed it to be cultivated, and held in ſingu- 
lar eſteem by all- the civilized people of the 
earth, The ancient Kings of Perſia, and the 
Prieſts of Egypt, were always choſen amongſt 
t1e moſt expert in this ſcience, The Kings of 
Lacedemon had always Philoſophers in their 
council. It is well known how much Ptolomeus, 
the ſecond, King of Egypt, encouraged this ſei- 
ence; for in his time flouriſhed Hyparchus, Cali- 
machus, Apallonius, Aratus, Bion, Theocritus, 
Conan, &c. But to conclude, the eſtabliſhments 
of different philoſophical ſocieties in England, 
Scotland, France, Italy, COLL Poland, Swe- 
don, Ruſſia, &c. have given the 
bility, and Gentry of thoſe countries a taſte for 
the more refined pleaſures attending the ſtudy 
of the ſciences, and particularly of the ſyſtem 
of the world; and may this emulation continue 
till time itſelf ſhall be no more. 
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An Explanation of the Terms of Art uſed in 
| this Treatiſe. 


. Altitude, is the height of the Sun, Moon, or Stars, above the 
horizon, in an azimuth circle, counted in degrees, minutes, and 
ſeconds. | 


Azimuths, or Verticle Circles, are great circles interſecting one 
another in the Zenith and Nadir. | 


Amplitude, is an arch of the horizon contained between the 
riſing and ſetting of the Sun, Moon,. or any Star, and the Eaſt 
and Weſt points of the horizon, and is numbered in degrees, 
minutes, &c. and is always of the ſame name with the declination 
of the Sun; Moon, or Star, either North or South. 


Analogy is the fame with proportion, and is frequently uſed 
for that word. 


Angle, is made by the meeting of two lines in a point, and 
may be of any quantity leſs than 1809. | 


Angle of Incidence, in- a ſolar eclipſe, is made by a line 
drawn from the centre of the penumbra, at the beginning of an 
eclipſe, to the centre of the earth's diſk; this is called the firſt 
angle of incidence. The ſecond is made by a line drawn from 
the centre of the penumbra to the centre of the diſk, at the be- 
ginning of the central eclipſe, viz, when the centre of the pe- 
numbra firſt touches the diſk of the earth. And the third angle 
of incidence, is when all the penumbra falls within the earth's 
diſk, and is formed by a line drawn from the centre of the 
earth's diſk to the periphery thereof, in that point where the peri- 
_ of the penumbra laſt touches it in its total obſcurity within 
the diſk, This third angle of incidence®can only happen when 
the Moon's true latityde is leſs than the difference of the ſemi- 
diameters of the penumbra and the earth's diſk at the true time 
of the conjunction of the Sun and Moon. 


Angle of Incidence, in a lunar eclipſe, is made by a line drawn 
from the centre of the Moon, touching the axis of the Moon's 
orb in the centre of the earth's ſhadow at the times of the begin- 
ning or ending of the eclipſe. 


Angle, Parallactic, is made by the interſection of a vertical 
_ with the ecliptic through the body of the Sun, Moon, or 


Angle of the Ecliptic and Horizon, .is the ſame with the altitude 
of the nonageſima degree. 


Angle of Direction, is made by the meeting of the axis of the 
Moon's orb with the axis of the globe in a point, and that point 
u always in the centre of the earth's diſk. 

4 Anomaly. 


= 
Anomaly of the Sun or Moon, is their diſtance in ſigns, degrees, 
minutes, &c. from their aphehon. | | 


Antecedeatia, in Aſtronomy, is the ſame as retrogradation, or 
going back of the planets, viz. from Cancer to Gemini, &c. in 
their annual motions. 


Aphelion, is that point in the ſolar ſyſtem in which a planet is 
at its greateſt diſtance from the Sun, and conſequently its motion 
then the ſloweſt. 


Apogeon, is when the Moon, or other planet, is at its greateſt 
diſtance from the earth. | | 


Apparent Conj unction of the Sun and Moon, is when a right line 
drawn through the centre of the planet does not paſs through the 


centre of the earth by reaſon of the parallax.,, | | 
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4 of Latitude, is the Moon's diſtance from her North 
node in degrees, minutes, and ſeconds. | 

Aſeenfional Difference, is the difference between the right and 
oblique aſcenſion, being the ſpace of time the Sun riſeth, or ſet- 
teth, before or after ſix o'clock. 


Aſcendent, is the eaſtern part of the horizon, ſo that when the 


Sun, Moon, or Stars, are riſing, they are ſaid to be on the cuſp 


of the aſcendent. 


Aſtronomical Hours begin at the meridians, and are reckoned 


from noon to noon. 


the earth to the height of about 5o miles. 


Axis of the World, an imaginary line conceived to paſs through 


the earth's centre from pole to pole. 


Centrifugal Force, is that by which a body moving round 
another body, does endeavour 10 fly off from the centre of mo- 
tion in a tangent to the periphery of the curve they deſcribe. 


pe wy ant Force, 1s that by which any body moving about 
another body is drawn down, or towards the centre of its orbit, 
and 1s nearly the ſame with gravity. 

_ Complement of an Arch, is what the arch want of go®. 


Complement, Arithmetical, wrote co. ar. is what any logarithm 
wants of 10. Thus let the logarithm 9.768345 be given, its co. 
ar. is 0.231655. ; = 


Conjunction, True, is when the Sun and Moon are in the ſame 


ſign, degree, minute, and ſecond ; thus, C3 7 


. Conflrudtion, 


2 is the lower part of the region of air encompaſſing 
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| Conflrudtion, is the drawing lines, and forming a figure for de- 
monſtration. | 
Conſeguentia, is when a planet moves forward in order of the 
ſigns, as from Cancer to Leo. 
Declination of the Sun, Moon, or Star, is their diſtance from the 
equator. 


Digit, in Eclip/es, ſignifies a twelfth part of the Sun's diameter 
in ſolar eclipſes; but in lunar eclipſes the djgits may ſometimes 
be 23, when all above 12 ſhows how far the ſhadow of the earth 
is over the Moon on either fide. 


Diſk of the Sun, or Mon, are their round phaſes, or faces. 


Diſt of the Earth, is the difference between the Sun's horizon- 
tal parallax and that of the Moon, and is different at different 
times. | 


Diurnal, belonging to the day. 


Ecliptic, a great circle of the ſphere in which the earth per- 
forms her annual period, 


zac, is a number fhewing the difference between the com- 
mon ſolar, and mean lunar year. | | 


Horizon, a great circle of the ſphere dividing the Heavens into 
two equal parts, called the upper and lower hemiſpheres. 


Inclinatien of the Earth's Axis, is the angle formed by the axis 
of the earth and the axis of the ecliptic, 


Mean Motion of the Sun, Moon, or any of the other Planets, is the 
motions ſet down in tables by ſuppoſing them to move equally in 
perfect circles, | l 


Medium Celi, is the de of the ecliptic which is upon the 
meridian at any time of the day or night. 

Meridian Angle, is the angle formed by the ecliptic and the 
meridian at any given time of the day or night. | 


Nodes, are the points or interſections of the orbits of the pla- 
nets with the eliptic ; the Meon's nodes are marked thus, M, V. 


Nonagefima Degree, is the goth degree, or higheſt point of the 
ecliptic at any time of the day or night, 


Occident, the weſtern part of the horizon, or that point of the 
ecliptic that ſets with the Sun, Moon, or Star. 


Oppoſition of the Sun, Moon, or Star, is when they are juſt ſix 
 Ggns, or 180 degrees diſtant, and is thus marked, 8. 


Orient, the eaſtern part of the horizon, or that point of the 
ecliptic that riſes with the Sun, Moon, or Star. h 
a2 Parallax, 


J 
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Parallax, is an arch of a great circle paſſing through the Zenith 
and the true place of the Sun, Moon, or Star, and. intercepted 
between the true and apparent place. | 


The Parallaxes are of five ſorts, viz. in right aſcenſion, decli- 
nation, altitude, longitude, and latitude. 


Path of the Vertex, is a circle deſcribed - by any point of the 
earth's ſurface as it turns on its axis, and is always conſidered ag 
vertical to the earth's centre, and in fact is the ſame as what we 
cal! the vertex, or Zenith, as being the point directly over our 
head; the ſemi-diameter of this path of the vertex 1s always 
equal to the complement of the latitude of the place that de- 
ſcribes it. oe; | 


Penumbra, is a faint ſhadow, or utmoſt edge of the perfect 
ſhadow which happens at the time of a lunar eclipſe. 


. Perigeon, à point in the Heavens where a planet is at its 
neareſt diſtance from the earth; ſo when the mean anomaly of 
the Moon is juſt fix ſigns, ſhe is then ſaid to be in perigee, and 
this point is always diametrically oppoſite 'to the apogeon, ex- 
tended by the tranſverſe-diameter of her elliptical orbit. 


Perihelion, is a point in the Heavens where any of the primary 
planets, or comets, are neareſt to the Sun, and their motions the 
ſwifteſt. 01 | 


| Phaſes are the ſeveral appearances of an eclipſe, ;7 F4 4 J 
Phenomena, appearances in the Heavens. | 


Phencmencn i any ſingle appearance. 


Preceſſion, er Receſſion, of the Equinoxes, is the going back of the 


equino ctial points 5o ſeconds yearly. 


Right Aſcenſion of the Sun, Moon, or Stars, is that degree of the 
equinoctial counted from the beginning, or Aries, which comes 
to the meridian with the Snn, Moon, or Star. 


Time of Incidence, is the time from the beginning to the mid- 
dle of an eclipſe, and ia a lunar eclipſe is always equal to the 
time of half duration. | 


Time of Repletion, is the time from the middle of a ſolar eclipſe 
to the end thereof, 


Time 
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Time is a certain meaſure depending on the celeſtial motions, by 
which the diſtance and duration of things are meaſured.. 818 A 


Symbols are certain ſigns, or characters, made "uſe of in the 
mathematical ſciences, for the more clearly conveying of our 
ideas ; thoſe made je of in this treatiſe are the Jollanings. vile 
S. ſigns, © degrees, minutes, ſeconds. 

+, or the ſign of addition, called plus, or more. 
| —, the ſign of ſubtraction, called minus, or leſs, 

*, multiplication. . +, diviſion, =, fignifies equality. 
V. ſignifies the ſquare root of the number ſtanding under it; 


as „ 144 ſignifies the ſquare root of 144. As :, : , : the ſign 
of proportion; as 2: 4: * 6, and is thus read; as 2 to 4, ſo us 


7 1 9 6+ V = EO ee. a, 17147 on l ee 
4 G, conjunction. 3, oppoſition. g. node. D, Moon. 0. Sun. 
, Aries, the ram. , Libra, the balance. 
8, Taurus, the bull. M., Scorpio, the ſcorpion. 
II, Gemini, the twins. 4. Sagittarius, the archer. 
, Cancer, the crab. V3, the goat. e ee. 
V, Leo, the Lion. 2, Equarius, the water-bearer, 
TMP, Virgo, the virgin. N, Pilces, the fiſhes, 
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OF THE 


DOCTRINE of ECLIPSES. 


HE deſign of this treatiſe 1s to explain the nature and cauſe 

of eclipſes, and to render as clear as poſſible the method 
and mode of calculation, by plain and eaſy precepts, founded on 
the lateſt improvements, in order to enable the reader to compute 
for any time paſt, or to come, when theſe deficiencies of light 
did, or will happen, in either of the great luminaries of Hea- 
ven; alſo what the quantity thereof was, or will be, the preciſe 
time of their continuance when viſible, or inviſible, to us, or to 
any part of the globe: fo that what the vulgar mind is unexpect- 
edly ſurpriſed with, my readers will naturally look for, and know 
muſt happen, in conſequence of thoſe eſtabliſhed laws of motion 
by which theſe bodies were regulated by the All-wiſe and Omni- 
potent Power that firſt created them. | 


Now, in order to explain this doctrine, we muſt firſt obſerve, 
that the Sun being a luminous body, one million times bigger 
than the earth, will enlighten conſiderably more than one half of 
it, and cauſe the earth to project a long conical ſhadow, as per 


Figure 1*, where S, is the Sun, E, the earth, and ABC, its 
ſhadow. 


In order to determine the extent or magnitude of this ſhadow, 
we mult note in the triangle S CD, that the outward angle, SBD, 
is equal to the ſum of the two internal and oppoſite angles, BS C/, 
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and BC/S; but the firſt, viz. BSC, is that under which the 
the earth's ſemi-diameter, CB, appears at the Sun; therefore 
B C/S will be the ſemi-angle of the cone, and will be equal to 
DB S, which is the angle under which the Sun's ſemi-diameter, 
SD, appears to an eye at the earth, which in its mean diſtance 
is 16/: 5/7, This being premiſed, we may determine the cone's 
height; for in the right angled triangle, C B C/, are given CB = 
1 ſemi-diameter of the earth, and the angle, C C/ B, to find the 
. fide C Cꝰ in ſemi-diameters of the earth; for 


As t. of CC/B. 10. 5/ — — — 7.670043 
To radius — — — — 1 0.000000 
So is 1 ſemi-diameter — — — 0.000000 


To CC/ 213.8 ſemi-diameters of the earth — 2.329957 


Thus we find the height of the earth's ſnadow at a mean diſ- 
tance of the ſun 213.8 ſemi-diameters; but when the Sun is 
at its greateſt diſtance, his apparent ſemi-diameter, or angle, 
DBS, will then be 1;/: 49// only, whence proceeding as above we 
get C C/. $17.4 ſemi-diameters of the earth, which is the greateſt 

eight of the conical ſhadow of the earth, and is more than three 
times as great as the mean diſtance of the Moon, which is only 
60.7 ſemi-diameters; but the height of the terreſtrial ſhadow falls 
very far ſhort of the diſtance of Mars, and therefore can involve 
no one of the heavenly bodies but the Moon only. In the ſame 
manner it may be ſhewn that the angle of the Moon's ſhadow (and 
indeed of all other ſpheres whoſe ſemi-diameters bear no ſenſible 
Proportion to their diſtance from the Sun) 1s of the ſame dimen- 
ſions with that of the earth, whence thoſe cones are ſimilar figures, 
and ſo have their heights proportional to the diameters of the 
baſes. But the diameter of the earth is to the Moon's diameter 
nearly in the ratio of 100 to 28 ; therefore ſay, as the diameter of 
the earth 100 is to the diameter of the Moon 28, ſo is the altitude 
of the earth's ſhadow 213.8 to the altitude of the Moon's ſhadow 
59.86 of the earth's ſemi-diameters. The ſhadow of the Moon, 
therefore, will not quite reach the earth in her mean diſtance, 
much leſs in her apogee; but in her perigee it will involve a 
{mall part of the earth's ſurface. 


Beſides the dark ſhadow of the Moon there is another, called 
the Penumbra, or partial ſhadow, as is repreſented in Figure and“, 
where S is the Sun, E, the earth, and M, the Moon; and let 
ACO, and HB N, be two lines touching the oppoſite limbs of 
the Sun and Moon; then it is evident that CONB will be the 
dark, or abſolute ſhadow of the Moon, in which a perſon on the 
earth's ſurface, between O and N, is wholly deprived of the Sun's 
light. Moreover, let ABF, and H CD, be two other lines 2 
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the ſides of the Sun and Moon alternately, and interſecting each 
other in the point G above the Moon; then will DCBF be the 

enumbra above-mentioned, and is the fruſtum of the cane 

GD; for 'tis evident that a part of the Sun will be ſeen, and 
part thereof hid to a ſpectator on the earth's ſurface, berween 
O and D, and N and F; or, in other words, the Sun in thoſe 

arts of the earth will appear only partially eclipſed. To calcu- 
— the angle of the cone, DG F, draw SB, then in the oblique 
angled triangle, B G8, the external angle, B GN, is equal to 
both the internal and oppoſite angles, GBS, and GSB; but 
GSB is that under which the ſemi-diameter of the Moon appears 
at the Sun, and is therefore inſenſibly ſmall ; whence the angle, 
BGM, equal GBS, or ABS equal the apparent ſemi-diameter 
of the Sun; therefore the part of the penumbral cone, CGB, 1s 
equal and fimilar to the dark ſhadow of the Moon. 


Let us now ſee how much of the earth's ſurface can be at any 
time involved in the Moon's dark ſhadow, or the quantity of the 
arch no; in order to this, let us ſuppoſe the Sun to be in apogee, 
and the Moon in perigee, and in that caſe the height of the co- 
nical ſhadow will be about 61 ſemi-diameters, and the diſtance of 
the Moon about 56; that is (per Fig. 3d) MG =61, ME =56, 
and EN=1. In this caſe alſo the ſemi- angle of the — 


EGN =15/: 50%, as being leaſt of all; therefore ſay, 


As the fide EN =1 - —ͤ— — 0.00000 


To the fide EG =5 — — — 0.69897 
So is S. ſemi-angle EGN=15/: 50 — 7.66324 


To S. angle ENG =19: 19:10“ — — 8.36221 


Whence ENGHTHEGN will be equal to AEN = AN=190: 357 
or the ſemi- angle of the cone; therefore ON will be 30: 10/ or 
the whole angle of the cone equal 190 geographic, or 220 ſtatute 
miles, which 1s therefore the diameter of the dark ſhadow of the 
Moon on the earth's ſurface when greateſt. 


After a like manner you find the diameter of the penumbral 
ſhadow at the earth, as FN OD, when greateſt of all; that is, 
when the earth is in perihelion, and the Moon in her apogee; 
for then will the Sun's apparent diameter be. equal to 32/: 43// 
whence his ſemi-diameter 16/: 22// will be equal to the angle 
EG F, (ſee Fig. 2*) equal to the greateſt ſemi-angle of the cone; 
from whence we find G M 58% ſemi-diameters of the earth. In 
this caſe alſo the diſtance of the Moon from the earth is ME =64 
ſemi-diameters; therefore, 
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As EF =I — YI id — 0.000608 


To EG=MG+ME=122! — — 2.088136 


So is S. angle EGF, 167: 22// — — 7.677498 


To S. angle GFP, = 359: 397: 31“ — 9.765634 


But GFPRHEGFTGEF, and fo GEF = GFP,-EGF= 
352: 23': 9” whoſe double, viz. 700: 46/: 18“ is equal FnoD 
= 4246.3 geographic miles, equal to 4919 miles Britiſh, or ſtatute 
meaſure, nearly, 


Since an eclipſe of the Sun proceeds from an interpoſition 
of the Moon, tis evident, if the Sun and Moon were all 
ways in the ſame plane, there would neceſſarily be an eclipſe 
of the Sun every time the Moon came between the Sun and 
earth; that is, at every new Moon: for (ſee Fig. 4) let F be the 
Sun, E, the earth, and AB NZ the Moon's orbit in the plane of the 
ecliptic ; then when the Moon comes to be at B, in the right line 
EF, which joins the centres of the Sun and earth, it will be 
exactly interpoſed between the Sun and a ſpectator on the earth 
at v; and fince the apparent magnitude or diſk of the Sun 1s the 
ſame nearly with that of the Moon, it muſt neceſſarily be hid be- 
hind the Sun's diſk at that time, and ſo eclipſed from the ſight of 
the ſpectator; and this muſt be the caſe whenever the Moon 
comes into the ſaid line, or point, B; that is, at every new Moon. 
But if (as the caſe really is) the orbit of the Moon be not in the 
plane of the ecliptic, but inclined thereto under a certain angle, 


there may be a new Moon, and yet no eclipſe of the Sun, at the 
ſame time. 


Now, in order to illuſtrate this, let q B CDF G be a circle 
in the plane of the ecliptic deſcribed at the diſtance of the 
Moon's orbit, AKNRZ, and interſecting the ſame in the points 
B and M, making an angle therewith, as qB A, whoſe meaſure 
is the arch NF, as being go® diſtant from the angular points, 
or nodes of the lunar orbit, B and M. 


Now, *tis evident, if the arch, N F, be ſomewhat greater than 
the ſum of the apparent ſemi-diameters of the Sun and Moon, 
then at N, and ſome diſtance from N, towards B, there may be 
a new Moon, and yet no eclipſe of the Sun, becauſe in this caſe 
the diſk of the Moon, N, is too much elevated, or depreſſed, 
above or below the apparent diſk or face of the Sun, F, to touch it, 


much leſs to hide or eclipſe any part thereof, as is evident from 
a ſlight inſpection of Figure 4*. 


But at a certain point, M, in the Moon's orbit, the Moon 
will have a latitude equal to the ſum of the ſemi-diameters of the 
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Sun and Moon, and therefore when the Moon is new at that 

int, ſhe will appear to a ſpectator in the point x to touch the 
ban only; from whence this point is called the ecliptic limit, 
in as much as it is impoſſible there ſhould happen a new Moon in 
any part between this and the node, B, (on each fide) without 
eclipſing the Sun leſs or more, as 1 may plainly ſee that the 
partial eclipſe will happen at K, and the total eclipſe in the very 
node itſelf, at B. 


What J have hitherto been explaining has been with regard to 
the phznomena of an eclipſe of the Sun, as they appear to a 
ſpectator on the earth's ſurface, in whoſe zenith the Moon then 
is, and where there is no refraction to alter the true latitude of the 
Moon ; but where the Moon has any latitude, there the proceſs of 
calculating the appearances of a ſolar eclipſe will be ſomewhat 


more complex, on account of the variation of the Moon's latitude 


and longitude for every different altitude, and conſequently every 
moment of the eclipſe. 


Now, in order to give a clear idea of this affair of refraction, 
let ASNC (ſee Fig. 5*) be a quadrant of the Heavens, D F E, the 
ſurface of the earth, M, the Moon, and S, the Sun, ſeen from 
the centre of the earth, G, in the ſame point of the Heavens 
with the Moon, and conſequently centrally eclipſed to a ſpectator 
at H, in whoſe zenith the Moon then is; but to a ſpectator any 
where elſe ſituated, the ſame phænomenon will not happen in the 
ſame circumſtances, it at all. 


For a ſpectator at F will view the Moon in the direction of the 
right line, FMN, and fo her apparent place in the Heavens will 
be at N, where it is evident her upper limb will but juſt touch 
the lower limb of the Sun, and fo will not eclipſe it at all; but 
to a ſpectator any where between F and H, the Sun will appear 
to be partially eclipſed, leſs, or more, as the ſpectator is ſuppoſed 
to go from F towards H. 


Now this arch, SN, in the Heavens, is what we call the pa- 
rallax, as being the difference between the true and apparent 
— — of the Moon at m, and is equal to the angle, S MN, or 

M; but this angle, or parallax, is conftantly diminiſhing as 
the phznomenon at M approaches towards the zenith at K, where 
it entirely vaniſhes, but increaſes as it approaches the horizon at 
P, where it is greateſt of all, and is there called the horizontal 


XZ parallax, which in the Moon amounts ſometimes to more than a 


whole degree. 


It muſt be here obſerved, that the parallax always depreſſes the 
object, and therefore when the Moon has north latitude it is di- 
miniched, but the ſouth latitude is encreaſed with reipect to us, 


| and 
2 Plate III. 


EY 


and ſo the ecliptic limits are variable in every particular latitude 
but a ſolar eclipſe may in an abſolute manner be beſt repreſented 


by a projection of the earth's diſk, and of the ſection of the dark 3 


and penumbral ſhadow of the Moon, as they appear (or would 


appear) to a ſpectator, at the diſtance of the Moon in a right line A 


Joining the ccutres of the Sun and earth. 


Ia order to this we are to find the dimenſions of the apparent 
ſemi-diameters of the earth, dark ſhadow, and penumbra, at the 3 


diſtance of the moon. As to the earth's ſemi-diameter it is 


equal to the Moon's parallax, leſs the Sun's horizontal parallax, 


as will be ſhewn further on. 


That of the dark ſhadow is thus eſtimated, Fig. 6 *: Let C be q 
the centre of the Moon, AB, its diameter, A E B, its dark ſha- * 


dow, and F D G, the penumbral cone; then let HI be the diameter 


of the penumbraat the earth, and zo that of the dark ſhadow, draw ; 
Co, and CH; then is the angle COB=BEC+ECO, and ſo 
OCE=BOC—BC E; that is, the apparent ſemi-diameter of 


the dark ſhadow is equal to the difference between the apparent 
ſemi-diameters of the Moon and Sun. In like manner the angle, 
HCE =AHC+ ADC; chat is, the apparent ſemi - diameter of 


LY 


the penumbra at the earth is equal to the ſum of the apparent 


ſemi-diameters of the Moon and Sun. Now, the ſemi-diameters © 


; N 


of the Sun and Moon, and alſo the Moon's horizontal parallax, 


are already calculated for the various diſtances of the Sun and 


Moon from the earth, and for the middle ſtate of the lunar orbit, 
in the new and correct aſtronomical tables affixed to this 


work. 


— 
- 
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Let AB repreſent a ſmall portion of the annual orbit, and 
CD the viſible 2 of the centre of the lunar ſhadows, which 


will exactly corre 


pond to the poſition of the Moon's orbit with 
reſpect to the ecliptic in the Heavens; and therefore the point of 


interſection N will be the node, and the angle, D Q B, the an- 
gle of inclination of the lunar orbit to the plane of the 
ecliptic, which is about five degrees. Hence, if EP QS repre- 
ſent the diſk of the earth (according to the orthographic projec- 
tion) in the ſeveral places & E FG, whoſe ſemi-diameter is made 
equal to the number of minutes in the Moon's horizontal parallax 
at the time of the eclipſe; and if in the path of the ſhadows in 
the points N VW X, we deſcribe a "ſmall circle, whoſe ſemi- 


diameter is equal to the difference between the ſemi-diameters of 
the Sun and Moon, that ſhall be the circular ſection of the Moon's © 
dark ſhadow at the diſtance of the earth; and if on the ſame 
centre we deſcribe a larger circle, whoſe ſemi-diameter is equal 


to the ſum of the ſemi-diameters of the Sun and Moon, that ſhall 7 


repreſent the ſection of the penumbral ſhadow, as is here ſhewn 
by the fainter areas, N v, w, x. 


Here 
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Here then it is evident, if the Moon, when new, be at the 
diſtance, N x, from the node, the penumbral ſhadow will not fall 
near the earth's diſk, and ſo there cannot poſſibly happen any 
eclipſe. If tne Moon's dittance from the node be equal to L w, 


then the penumbral ſhadow will juſt touch the diſks, and conſe- 


quently NF will be the ecliptic limit, and may be found as fol- 
lows : the line, W F, as being the neareſt diſtance of the centres 
of the ſhadows and diſk, is perpendicular to the path, CD, and 
is equal to FO + O W=61: 36” + 16”: 22/7 + 167: 48/7, viz. 
the ſum of the Moon's horizontal parallax, and of the femi- 
diameters of the Sun and Moon, all of them when greateſt: alſo 
the angle triangle, W & F, when leaſt, is 50: 30/; therefore in the 
right angled, W NF, are given the angle, W N FP, 59: 307, and 
the ſide WF, 947: 46/7, to find the tide, & F, Which may be 
determined by the following analogy : 


As S. WF. 50: 307 — — 8.981573 
To radius — — — —— 
So is log. WF, 940.76 — — 39 9 
To log. & F, 9887.7 — 7 — 2.995052 


The ecliptic limit, therefore, is 9887.7, which is equal to 
160: 28: 42”, beyond which diſtance from the node M there can 
happen no eclipſe; and within that diſtance, if the Moon be new, 
the ſhadow will fall on ſome part of the Giſk, as at E; where all 
thoſe places over which the ſhadows paſs will fee the Sun eclipſed in 
part only, by the faint penumbral ſhadow, but totally by the dark 
ſhadow ; and the Sun will be centrally eclipſed to all thoſe places 
over which the centre of the ſhadow paſſeth. If the Moon be 
new in the node itſelf, then will the centre of the ſhadows paſs 
over the centre of the diſk, as is repreſented at N. In this caſe, 
if the apparent diameter of the Moon be greater than that of the 
Sun, the face of the Sun will be wholly obſcured to all parts over 
which the centre paſſes ; but if not, the Sun will only be centrally 
eclipſed, and his circumference will appear a bright annulus, or 
luminous ring, whoſe width will be equal to the difference of the 
ſemi-diameters of the luminaries, whence this is called an annular 


eclipſe. 


As the diſk of the earth is here projected it repreſents the 
caſe of an eclipſe on an equinoctial day; ſo that Aq, is the 
ecliptic, E Q, the equator, Z N, the axis of the ecliptic, P, 
the axis of the equator, or of the earth, P and 8 the north and 
ſouth poles, beſides the tropics and polar circles here repreſented 
by right lines, as in the common analemma, or orLuographic pro- 
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jection; and by thoſe who underſtand this projection, the difk of 
the earth, and the pailage of the ſhadows over it, may be exhibited 
for any place of the Sun, or declination of the Moon. 


Lunar eclipſes are not quite ſo complicated in theory, nor 
near ſo tedious and difficult in calculation, as ſolar ones. The 
latter are only apparent, the former really ſuch ; that is, the 
Moon is really deprived of its light, and therefore mult appear 
obſcured to all the inhabitants of the earth equally, by whom the 
can be ſeen; whereas the Sun, not being dehcient in light, will 
ever appear reſplendent to thoſe who do not happen.to live on that 
part of the earth where the lunar ſhadows paſs. As a lunar 
eclipſe is occafioned by the immerſion of the Moon into the earth's 
ſhadow, we have only to calculate the apparent ſemi-diameter of 
the earth's ſhadow at the Moon, in order to delineate an eclipſe 
of this fort: thus, let AB be the earth, C, its centre, AVB, its 
(ſee Fig. 87) conical thadow, DE, the diameter of a ſection thereof 
at the Moon, and drawing CD, we have the external angle, 
ADC, equal to the ſum of the two internal and oppoſite angles, 
DCV and DVC; therefore DCV will be equal to ADC; 
leſs DVC; that is, the angle, D C V, under which the ſemi-diameter 
of the earth's ſhadow at the diſtance of the Moon appears, is equal 
'to the diiference between the Moon's horizontal parallax, ADC, 
and the ſemi-diameter of the Sun, DVG. Let us, therefore, 
ſuppoſe AB to repreſent the path of the earth's ſhadow at the 
diitance of the Moon near the U node, and DE a part of the 
lunar orbit, and the ſection of the earth's ſhadow be delineated 
at V, C, F, G, and the full Moon at V, H, I, K; then it will 
appear evident, that where the leaſt diſtance of the centres of the 
Moon and ſhadow exceeds the ſum of their ſemi-diameters, there 
can be no eclipſe of the Moon, as at G; but where that diſtance is 
leſs, the Moon muſt be partly or wholly (ſee fig. g*) involved in the 
ſhadow, and ſo ſuffer an eclipſe as at C, or ; in which latter 
caſe the Moon paſtes over the diameter of the ſhadow ; but in a 
certain pofition of the ſhadow, as at F, the leaſt diſtance of 
centres, IF, is equal to the ſum of the ſemi-diameters; and 
therefore VF is the ecliptic limit for lunar eclipſes ; to find 
which we have I F equal to 63“: 1“ when greateſt, and the angle, 
IVF 50. Therefore ſay, 


A 8. I UF, 5 — — 8.940296 
To radius FR — — —— 
So 1s log. 63“. 16 Side I F — — 1. 800442 
To log. Side V F, 724.7 — — 4.860806 
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12 
Hence, if the Moon he at a leſs diſtance from the node, V, 
than 724. 7 2120: 4/: 42//, there will will be an eclipſe, otherwiſe 
none can happen. 


If the earth had no atmoſphere the ſhadow would be abſolutely 
dark, and the Moon involved in it quite inviſible; but by means 
of the atmoſphere many of the ſolar rays are refracted into, and 
mixed with, the ſhadow by which the Moon is rendered viſible in 
the midſt of it, and appears of a duſky red colour. 
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Of the Equation of apparent Time, 


HDs endeavoured thus far to explain the nature and 
cauſe of eclipſes, it remains that I ſhould now ſhew how ta 
reduce the ſame into practice in aſtronomical computation ; but 
ſeeing all celeſtial motions are in aſtronomical tables adapted 
unto mean or- equal time, and unleſs the time apparent he re- 
duced to the mean (which in practice is called equating the time) 
it cannot be but that the calculation of the motions ſhould for the 
moſt part differ conſiderably from the obſervation of them, and 
that the moments of time ſhould: be otherwiſe in the tables than 
they are according to our clocks; therefore, it ſeems requiſite, 
that I ſhould premiſe ſomething in this ſe&icn concerning this 


tions, which I ſhall endeavour to explain under the following 
propoſitions ; 


1. The entire revolutions of the equator of the eaxth, reck- 
oned either as in themſelves, or, which comes to the ſame thing, 
with reſpect to the fixed ſtars, are each of them iſochronal, or 
performed in equal ſpaces of time exactly. Here, I muſt confeſs, 
that this is contrary to what ſome have aſſerted, and to what ſome 
of the moſt famous aſtronomers, formerly, have been prone to 
think; but there are two things which eſtabliſh this propoſition, 

to mention nothing elſe: Firſt, the agreeableneſs of this even 
equatorial, or, which is the ſame, ſydereal day, ta the calculation 
of the celeſtial motions, with the abſolute neceſlity of this ſuppo- 
ſition unto the performing any thing with accuracy and judgment 
in aſtronomical computations. 8 the true knowledge of 
- the 


equation of time, which is ſo neceſſary in all aſtronomical calcula- 


. 
— — 
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the nature of things; for it is a thing moſt evident in nature, 

that when any body is put in motion it will perſevere in the ſame 
ſtate, and retain alſo the ſame degree of celerity, unleſs it bs 
hindered, or diſturbed by ſome impreſſed force from elſewhere, or 
by a reſiſting medium, neither of which having place in the mo- 
tion of the earth, it muſt continually retain that motion, and that 
degree of celerity with which it was firſt impelled by the Supreme 


Power that firſt formed it. 


. 


2. The ſolar day, or that ſpace of time which is betwixt the 
apparent noon of one day, and the apparent noon next ſucceed- 
ing, is unequal, and ſometimes greater, ſometimes leſſer, ac- 
cording to the various ſeaſons of the year. This propoſition is 
known to all, and is obvious to daily obſervation in the motion of 
pendulum clocks, which do moit exactly meaſure the time. 1 
ſhall not in this place trouble my readers in mentioning either 

: cauſes 7 
which many have aſſigned for this inequality; but intend to give 
only the true and geometrical reaſons of it, and thoſe only which 


thoſe falſe and imaginary, or the remote and far-fetche 


are becoming an aſtronomer. 


Now theſe are taken in the genera! from the motion of the Sun, 
or Earth; the one apparent, the other real; and from the co- 
incidence of the unevenneſs of the earth's annual motion with the 
equality of the diurnal: in which conſideration of this matter 
there is a complication of cauſes in the preſent inequality, as 1 


ſhall endeayour to illuſtrate in the two following propoſitions : 


1. Since there is then a double cauſe of this inequality, which | 


proceeds from a two-fold unequal tenor of the celeſtial mo- 5 


tions; that is, the eccentricity of the orbit of the earth, and the 
oblique poſition of the equator to the ecliptic, we are firſt to ob- 
q circular, and had the 

Sun in the centre, ſo that the diſtance of the Sun from the earth 
ſhould be always the ſame, no cauſe of this inequality would be 
found in the figure of the earth's orbit: for then, ſuppoſing the 
year to contain 360 days, every day over and above the equal 
ſpace of one revolution would have allotted to it the equal inter- 
vals of one degree, Now, if to equals you add equals, the 
wholes, tis 3 774 will be equal. The ſame may be ſaid of 
any other number of days whereof the year might be ſuppoſed to 
conſiſt; but in the eliptical orbit, where the quantity of the an- 
Wo from what it 13 


ſerve, that if the annual orbit was indee 


nual motion is unequal, and different in ſome 


in others, the circumſtance muſt neceſſarily be quite otherwiſe, * 
fince unequals being added to equals, muſt of conſequence pro- 
duce unequals; for inſtance, let us ſuppoſe the earth in its aphe- 
lion, then will it, by its ſlower motion, daily change its angular 
poſition to the Sun leſs than it doth in the perihelion, and conſe- 
quently the angle will be leſs which it doth then make over _ , 

* 0 | above 
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me above its entire revolution, to be added to that revolution, that 
be ſo the ſolar day may be completed; for the annual motion, which 
or about the ſuperior focus of the elipſis is always nearly equal, is 
10- 7 conſiderably uncqual with 1efpeft to the Sun in the inferior focus, 
lat and therefore an inequality mult evidently be introduced into the 
me natural day. 


2. The other cauſe of this inequality is the oblique poſi- 
he tion of the: equator to the ecliptic; for if the axis of the earth 
d- were always moved parallel to the axis of the ecliptic, and conſe- 
ac- XZ quently the plane of the equator had coincided with that of the 
is 3 ecliptic, there would be nothing in the earth's poſition with re- 
of X ſpect to the ecliptic that might cauſe this inequality: but when 

I * the diormal and annual motions are performed upon very different 
er axis, then an — 8 of days muſt neceſſarily take place by the 
ſes general conſent of aſtronomers; for in this caſe the Sun's longi- 
ive tude along the ecliptic, and the diurnal motion along the equator, 
ch wich we call the Sun's right aſcenſion, are both to be taken into 

the account, and unleſs every arch of the ecliptic anfwered to every 
= equal arch of the equator, ſo that there was no difference be- 
in, twixt the longitude of the Sun and his right aſcenſion, which 
o- thing cannot be, there mult, moſt evidently, an inequality of 
he days ariſe from thence; as for example, let the longitude of the 
ter Sun in the ecliptic be one degrge; his right aſcenſion in the equa- 
tor at that time muſt not by the doctrine of triangles exceed fifty- 
five minutes; now this defect of five minutes being turned into 
| time, will give one third part of a minute, which ſpace, how 
ch ſmall ſoever it may ſeem in itſelf, yet when it is augmented for 
10- 8 ariany days ſucceſſively by an almoſt equal increaſe, will intro- 
he "F duce an inequality in no wiſe to be neglected. 


he 3. Now the firft of theſe two cauſes, viz. the eccentricity of 
th the annual orbit, which hath nothing common to it with the ſe- 
be cond, viz. the obliquity of the equator to the ecliptic, we muſt 
he have recourſe to the aphelion and perihelion of the earth for an 
1al equation of time anſwering to the quantity of eccentricity, which 
er- equation of time will be once in the year affirmative, and once 
he negative: hut the ſecond of theſe two cauſes, which is evidently 
of divers from the firſt, will give an equation of time equal to the 
to difference betwixt the Sun's longitude in the ecliptic and his 
n- right aſcenſion in the equator, and which being to be reckoned 
is from the equinoxes to the ſolitices, and from the ſolſtices to the 
ſe, &quinoxes, is twice a year affirmative, and twice negative. 

rO- 3 

de- The entire equation, therefore, of ſolar days, which is every 
lar where neceſſary in aſtronomical computations, is not to be fetched 
ſe= from either of theſe cauſes ſingle, or alone, but from the combi- 
nd nation of both; for where both the equations are affirmative, or 
ve both negative, the abſolute equation of time will ariſe from 20 
C 2 um 
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| ſum of them, which is to be added, or ſubtracted, according to 
1 the tenor and name of both the equations; and when one is af- 7 
| firmative, and the other negative, their difference is to be added, 
or ſubtracted, according to the ſign of the greater. Now bot 
theſe parts of the equation of time are calculated by aſtronomers 
for every degree of anomaly, and for every degree of the Sun's 7 
mah ans þ in the ecliptic, and diſpoſed in two ſeveral tables, with 3 
directions for adding and ſubtraQting, as the caſe requires, ſo 
that at all times the true or equal time may be had; and from 
thence it appears, that the apparent time, or that ſhewn by the 
Sun, is but four days in the whole year the ſame with the mean, 
or equal time, ſhewn by a good clock, or watch, viz. about April 
15th, June 17th, Auguſt 31ſt, and December 24th ; alſo about 
the 3d of November the equation is greateſt of all in the year, 
2 then about 16/: 11“ clocks, being then ſo much ſlower than 
the Sun. | 1 


Theſe things being premiſed, I now proceed to the aſtronomical | 
calculations, which I ſhall endeavour to explain by precepts 
founded on the 'Tabulz Dunelmenſes. 4 
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To determine the true Lengitude of the Sun for © 
any given Moment of Time. 1 


„ % bo N a wee 


ROM the table of the radical mean places of the Sun, and 
the Sun's apogee for 1700, New, or Old Style, write out the 
radical mean place of the Sun, and the radical mean place of the 
Sun's apogee for the given month in two ſums; allo from the 
table of mean motions of the Sun and apogee for complete Julian 
years, write out the mean motion of the Sun and apogee for the 
years above 1700, and ſet them under the former numbersz then 
from table of mean motions of the Sun and apogee for days, 
hours, minutes, and ſeconds, take the mean motions anſwering 
to the given days, hours, minutes and ſeconds, each one in its 
order, in a double file of numbers, and in ſuch wiſe that not 
only the ſigns and degrees, but minutes alſo, both firſt and ſecond, 
be carefully noted and wrote down. 


r IS Les 5 
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Parceyr II.—Sum up all the mean motions of the Sun and 
apogee, both thoſe of the radix itſelf, and thoſe of complete 
years, together with thoſe of the month, days, hours, minutes, 
and ſeconds, in two ſums, ſo will you have the mean motion of 


the Sun, and alſo the mean motion of the Sun's apogee, in ſigns, 


degrees, minutes, and ſeconds, for the given time. 


 Precerer III. From the mean motion of the Sun ſubtradt the 
mean motion of the apogee, and you'll have the Sun's mean ano- 
maly, which will be the foundation of all your future operations. 


Pxeceer IV.—With the Sun's mean anomaly now found, 
enter table, intituled table of the equation of the Sun's center, 
and there look for the Sun's mean anomaly, which, as to the de- 

rees of it, is on the left hand, if it be contained in the frſt fix 
gns ; but on the right hand if within the limits of the latter fux 
ſigns; and the quantity of the equation anſwering to. that ano- 
maly, and this not only in whole degrees, which you have ta 


your hand in the table, as alſo the minutes and ſeconds belang- 


ing to that anomaly, and are found out by making proportion 
for the odd minutes and ſeconds of anomaly above whole degrees, 
which having obtained, add or ſubtra& chis entire equation to, 
or from, the Sun's mean motion before found, and you'll have the 
Sun's true longitude in the ecliptic, according to mean or equal 
time. 


PRECE TT V.—Having thus obtained the Sun's true longitude, 
and mean anomaly, enter table, intituled firſt equation of time, 
and take out the equation anſwering to the Sun's true longitude, 
making proportion for the minutes and ſeconds of anomaly above 
whole degrees, write down this equation, with the ſign + or — ac- 
cording to the title in the table; then with the Sun's mean anomaly 
enter table ſecond equation of time, and in like fort take out the 
ſecond part of the equation of time, and write it under the firſt, 
with its ſign alſo of + or — and then obſerve if both ſigns be +, 
or both, — the ſum of the two equations mult be added to, or ſub- 
trated from, the mean or equal time, in order to obtain the ap- 
parent time; but if one iign be + and the other— the difference 
of theſe two equations muſt be added to, or ſubtracted from, the 
mean or equal time, according to the ſign of the greater of the 
two equations, and you will have the apparent tune. | 


Paeceer VI.—With the Sun's ſame mean anomaly enter the 
table, intituled, A table of the true hourly motions and diame- 
ters of the Sun, and take out the Sun's true hourly motion and 
diameter anſwering to that mean anomaly ; and thus much for the 
"—_ for finding the Sun's longitude, which I ſhall now illuſ- 
trate by examples. | 
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Required the Sun's true longitude on the 0G of July, 1777. at 
5 — 15 minutes, 3o ſeconds, A. M. (or morning.) 
Me. Mot. © Me. Mo. © Aps. 
g: 8 7 = $1100: 6: 50 
July 1700,N.S. 3 8 3 40 n 
Compl. Q 76. 34 36 1 
Years 14 11 29 45 40 1 
Days $4 + 2 6 2 | | 
Hours I7. 41 53 PETE * * 
Minutes 15. ' 37 | 3 36 
Seconds 30. R — — 
d te : OT, 
Sun's me. mo. 4 2 14 39 Firſt equa. time 8 59 — 
Apo — 3 9 2 56 Second ditto 3 1 + 


” 


Sun's me. ano. © 23 11 43 Abſolute equa. 5. 58 


Eq. Sun's cent. — 44 45 YO . 
| Mean time, July 23 17 15 15 

5 Fo 
9 3s, 


Sun's true long. 4 1 29 54 Equation time — 


App. 'rime, July 3 23 17 
e 
Sun 8 hourly motion 2 23 diam. 31 40. 


Let the true erde of the Sun be required for the rath of 
December, at 8 hours, 45 minutes, 52 ſeconds, P. M. (or after- 


noon) 1777. 
"p< O me. Mo. Me. Mo. Apo: 
| ä 8. 0 44 
December, 1700, N.S. 8 9 19 $4 3 7 44 24 
Complete? 76. 34 36 | 117 $4 
Years 1. | 11 29 45 40 * 
Days 12. 11 49 40 . 
_ 8. 19 43 _ — 
inutes 45. 151 20 
Seconds = | 2 4 : i — A7 
Sun's mean motion 8 2 51 26 
Apogee F 
Sun's mean anom. of 12 48 6 
Equation Sun's centre — 34 57 
Sun's true longitude. 1 29 


Firſt 


615 


i 


Firſt equation time 3 6 + | Mean time, Dec. 


Second ditto 2 20 +} Equativa + 


Abſolute equa, time 5 26 + | Apparent time 


Hourly mean motion of the Sun — 
Sun's apparent diameter — — 


Laſtly,—Let the Sun's true longitude be ſought for the 28th of 


32 41x 


May, 5 hours, 54 minutes, 54 ſeconds, P. M. mean time, in 
the meridian of Sardis, in Aſia, in the year ante Chriſtum 


585, Julian ſtile. 


Mean time at Sardis — — 


Difference of meridian between Sardis and Greenwich 1 56 00 


Mean time at Greenwich — — 
q Sg: .< 7 71 
bg Ante Chriſtum 500 oO 3 47 49 
Complete 84 . 
Years. j 1508. 11 29 45 40 
Sun's me. mo. 58 oO 4 T 35 
4 46 May 1, Year Chr; „„ 19 
A Sun's mean motion ö 
2 Days 28 e 
2 3 7 24 
inutes 58 E. IJ 
Seconds 54 2 
Sun's mean motion * 29 40 26 
Apogee — 1 28 42 48 
Sun's mean anom. 98 57 28 

7 

Ae Equa.#Sun's centre — 1 54 

Sun's longitude 120 144 — 


> — — * —_ -.. 4 


H. M. 8. 
54 54 
. 
3 58 54 
g. S'-1 #5 5-8 
o 8 32 30 
1 26 6 

_— 

o 9 59 37 
8 at 
128 42 43 
IS 

1 28 42 48 
4 ADs tC 
SECTION 
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SECTION w, 


To find the true Place of the Moon, both in 
Longitude and Latitude, for any grven Mo- 
ment of Time. | h 


TS C4 PT. © 


BY” the former ſection obtain both the true place of the Sun. 


D and the mean anomaly of the ſame, together with both parts 
of the equation of time, and from thence the abſolute equation of 
time, without which you cannot proceed in your calculation ; 
therefore, you ought 'to be very expert in finding the Sun's place, 
upon which the lunar inequalities do for the moſt part depend; 
nor is the knowledge of the Sun's mean anowaly leſs neceſſary ; 
and as for the equation of time, ſo neceſſary every where, and 


here eſpecially, as you'll be under an abſolute necetlity at the be- 


ginning of your work, if the time given be the apparent time, to 
reduce, or equate the ſame to mean or equal time, all the tables of 
the mean motions being accommodated to the mean time. 


Prxeceyr II.—Out of the table of the radical mean places and 


motions of the Moon, apogee, and node, for 1700, Gregorian, 
or New Stile, and on a line with the given month, take the mean 
motion of the Moon, apogee, and node, and write them down in 
a treble file of numbers, and in ſuch wiſe, that not only the 
figns and degrees, but minutes and feconds, be carefully nated and 
wrote down : alſo from table of the mean motions of the Moon, 
apogee, and node, for 99 Julian years, write out the mean mo- 
tions of the Moon, apogee, and node, for complete years above 
1700, noting them down under the former numbers: from table 
of mean motions of the Moon, apogee, and node, for days, take 
out the mean motions for the given days of the month: laſtly, 


from table of the mean motions of the Moon, apogee, and node, 


for hours, minutes, and ſęconds, write out the mean motions for 
the given hours, minutes, and ſeconds ; colle& all theſe together, 
with the mean motions of the radical year, (as before directed in 
treating of the Sun) into two fums, one of the Moon's mean motion, 
the other of the mean motion of the Moon's apogee. As for the 
node, its motion as to the commplete years, months, days, hours, 
minutes, and ſeconds, are to be wrote out as above directed; but 
ſeeing the motion of the nodes 1s contrary to the mean motions 
of the Moon and apogee, as being in antecedentia, or retrogade, 
the numbers for the complete years above iyco, together with the 

| | | month, 


(17) 
month, days, hours, &c. are not to be added to the motion for 


the radical years, but to be ſubtraRted therefrom, in order to ob- 
tain the mean place of the node aſcending for the given time. 


Preceer III. Having thus obtained the mean motion of the 
Moon, apogee, and node, for the given time, our next buſineſs 
will be to equate the ſame; in order thereto, enter table J. equa- 
tion of the hem, or annual equation, with argument Sun's mean 
anomaly, take out the firit equation of the Moon, apogee, and 


node, which being added to, or ſubtracted from, the mean mo- 
tion of the Moon, apogee, and node, according to their title in 


". 


the table, we ſhall have the Moon's place, as alſo the place of 
the apogee and node once equated. 


Pzxeceer IV.—From the Moon's place once equated ſubtract 
the place of the apogee once equated, the difterence will ſhew the 


2 Moon's mean anomaly, 


Prxeceer V.—Prom the true longitude of the Sun ſubtract the 


# Moon's apogee once equated, and call the remainder Sun from the 


# Moon's apogee, with this argument; enter table II. equation of 


the Moon, or I. ſemi-annual, and take out the equation an- 


ſwering thereto, with its fign +, or —, and ſet it down with its 


X ſign. From the Sun's true longitude take the Moon's node once 


VIII. mean ecliptic equation of the Moon's centre, and take out 
D 


T equated, call the difference Sun from the Moon's node, with 
& which enter table III. equation Moon, and take out the equation 


anſwering thereto, with its ſign +, or —, noting it down, with 


© its ſign; from twice the Sun from the Moon's node, or double 
the laſt argument, take the Sun from the Moon's apogee, with 
the reſidue, enter table IV. equation of the Moon, taking out the 
equation anſwering thereto, and note it down, with its ſign +, - 
or —; from the Moon's mean anomaly take the double of the 
Sun from the Moon's apogee, and call the difference the mean 
evection. To this ſame mean evection add the double of the 
Z Moon's mean anomaly, with the ſum enter table V. equation of 
the Moon, and take out the equation thereto belonging, note it 
= down, with its ſign +, or — To the mean evection add the 
Sun's mean anomaly, enter table VI. equation of the Moon, and 
take out its correſponding equation, noting it down, with its ſign 
+, or —, Laſtly, from this ſame mean evection ſubtract the Sam's 
mean anomaly, and with the difference enter table VII. equa- 
tion of the Moon, and write out the equation anſwering thereto, 
with its fign +, or —, add the affirmative equations into ene ſum, 
and the negative equations into another, and ſubtract the leſſer 
ſum from the greater, the difference, whether aftirmative or ne- 


gative, added to, or ſubtracted from, (according to its ſign +, or 


) the Moon's mean anomaly will give the Moon's corrected 
2 anomaly, or anomaly ſeven times equated, 


PxEceer VI.—With the Moon's corrected anomaly enter table 
the 
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the central equation belonging thereto, (making proportion for | 
the odd minates and ſeconds above whole degrees in the anomaly) Þ 
and according to its ſign , or —, add it to, or ſubtract it from, 
the Moon's anomaly ſeven times equated, and you'll have the 
Moon's anomaly eight times equated. | 


PRrCETT VII.—To or from the mean evection, add or ſub. 
tract 2 the central equation juſt found, the ſum, or difference, 
"will give you the argument of evection, with which enter table 
IX. cvection equation of the Moon, or ſecond equation of the 
Moon's centre, taking out the equation anſwering thereto, which, 
according to its title +, or —, being added to, or ſubtrafted i * 
from, the Moon's anomaly eight times equated, will give you 
the Moon's anomaly nine times equated. . | 

Paeceer VIII. From the Moon's anomaly nine times equated 1 4 
take the Sun from the Moon's apogee, call the remainder Moon 
from the Sun, with this argument enter table X. or compound 
variation equation of the Moon, take out the equation anſwering 
thereto, with its ſign +, or —, with the ſame argument, viz. 
Moon from the Sun, enter the table, intituled the equation of 
mean variation of the Moon in octants, or mean diſtance from the 
Sun, to variation in perigee and apogee Sun from the earth, and 


1 
take out its equation +, or —; alſo with the Sun's mean ano- 

maly enter table, intituled correction of mean variation, and take | 
out the decimal multilpier, with which multiply the laſt found 
equation, cutting off two figures to the right hand, the remain- 
ing figures on the left hand will be ſo many ſeconds. Now, if 
this and the firſt found equation be both affirmative, or both ne- 
gative, their ſum added to, or ſubtracted from, the Moon's ano- 
maly nine times equated, will give you her anomaly 10 times 
equated : but if one be aflirmative, and the other negative, the dif- 
ference added to, or ſubtracted from, according to the ſign of the 


greater, will give you the ſame. 


99 — ww os 


Parc IX. — To the Moon's anomaly, 10 times equated, add 4 
the Moon's apogee once equated, the ſum will give you the 
Moon's true place in her orbit. | 


PrEcEPT-X.,—From the Moon in her orbit ſubtract the node 
once equated, the remainder will be the argument of latitude, or 
Moon in her orb; from the node once equated, with this argu- 
ment, enter table XI. called mean reduRtion equation of the 
Moon to the ecliptic, and take out its correſponding equation, 
which, according to its title, added to, or ſubtracted from, the 
Moon in her orbit, will give you her place, or true longitude, in 
the ecliptic. | 


i 


Purer XI.—With this ſame argument of latitude take from ; n 
table Moon's mean latitude at mean inclination of her orbit, the 
Moon's mean latitude anſwering thereto; and obſerve if the ar- 


gument 


i 


% * 
= 


n 
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* q gument of latitude be © ſigns, 1 ſign, or 2 ſigns, the mean lati- 


tude is North, aſcending, or increaſing, and marked N. A. 
X Alſo if the argument of latitude be 6 ſigns, 7 ſigns, or 8 ſigns, 


he the mean latitude is marked 8. A. which ſignifies South aſcend- 


ing, or increaſing. 
b. But if the argument of latitude be 5, 4, or 3 figns, then is 


ble Laſtly, if the argument of latitude be 11, 10, or 9 ſigns, the 
he mean latitudeis S D, or South, deſcending, or decreaſing. Having 
ch, thus obtained the mean latitude, whether NA, ND, SA, or 
ied SD, note it down accordingly ; from the double of the Moon 

from the. Sun take the argument of latitude, with the re- 
= mainder enter the table, intituled, equation of the Moon's 
mean to her true latitude for the preſent inclination of her orb, 
ed and take out the equation anſwering thereto. Now, if both 

=X theſe equations be NA, ND, or both, SA, SD, their ſum, 
ad ff EE their difference will be the Moon's latitude, N, or 8, 
ng once 2 From the firſt equation ſubtract the Sun's mean 
i,» ganomaly, and with the reſidue enter table III. equation of the 
of © Moon to her true latitude for the preſent from the mean incli- 
he nation of her orb, and take-uts correſponding equation, which if 
nd it be of the ſame tenor, or name, with the other two, add, other- 
@ wiſe ſubtract, the ſum, or the difference, will be the Moon's true 
ke latitude ſought. a $7 04 4 4 | 


Z Pxeceer XIII.—-In order to obtain the true hourly motion of 
if the Moon both in latitude and longitude, repeat the operation 
for one hour before the given time, or one hour after, as occaſion 


e ſhall require, taking the leſſer number from, or out of the 
nes greater, you'll gain your end. 
= Z Pxecser XIII. Enter table mean horizontal parallax of the 


Moon, with the Moon's mean anomaly feven times. equated, and 
take out her mean horizontal parallax anſwering thereto, makin 
dd Proportion for the odd minutes and ſeconds of anomaly; if nee 
the teduire. With the mean evection, as an argument, take out 
from table I. equation of the Moon's horizontal parallax the 
proper equation, with its ſign +, or —, and add to, or ſubtract 
ode from, Moon's mean horizontal parallax, will give you her pa- 
Frallax once equated, Laſtly, with argument Moon fram the 
Sun, take from table II. equation of the Moon's horizontal pa- 


_ Frallax the equation correſponding with its ſign +, or —, which, 


— | according to its ſign, add to, or ſubtract from, the Moon's ho- 
*. rizontal parallax once equated, and you will thence obtain her 


in true horizontal parallax. 


7 Pazcter XIV.—Since it has been proved that the Moon's 
om horizontal parallax is at all. times to her horizontal diameter as 
he n to 6, her apparent horizontal diameter, and conſequently her 


— apparent ſemi-diameter will be known. 


ent 


the mean latitude ND, or North, deſcending, or decreaſing. 


— 1 
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And thus, with ſufficient care and labour, we may obtain the 
Moon's longitude and latitude, together with all the other re- 


quiſites in the lunar orb.—(See examples). 


Required the true longitude and latitude* of the Meon on the | 
24th of July, 5 hours, 15 minutes, zo ſeconds, A. M. or the 
23d day, 17 hours, 15 minutes, 39 ſeconds, P. M. 1777, mean 


time. 


) me. Mot. Apogee U Node 

cc ieee 

July, N. S. 1760 8 25 57 21. 10 16 33 32 5 7 44 4 
276. 33331 7 23457 | 

Comp. Years $7 4 923 3 1 10 39 5% 2958 57 
Days 23. 10 3 3 26 233 45 19 19 43 
Hours 17. 9 20 0 4 44 113 57 
Minutes 15. 8 ” | 4 2 15 
Seconds * $0, 16 — — 2 
Moon's me. mo. II 21 25 51 — 10 2 1 20 34 2 
Firſt equa. + 4 22 — | - 1 
| | — 7 2 16 50 3 / 10 2 
'Þ 1 eq. 11 21 30 13 — — ＋ 3379 
Apogee 7 2 16 50 — —9 
| | we 3-17 13 39 
D me. anom. 4 19 13 23 —ů—ů— 
6 leſs equa.— 2 32 J 5 
D Anom. 7 ed. 4 19 10 51 Argument for th or cent. equa. 1 
Central equa, — 4 20 44 | 
'Þ Anom. 8 eq. 4 14 50 7 1 
Evect. equa. + 52 34 1 
Anom. q eq. 1 0 15 42 41 4 
Variation + 41 6 
) Anom. 10 eq. 4 16 23 47 F 
Apo. + 7 2 16 50 177471 — “] 
N — 2 — 21 4 
D in her orb. 11 18 40 37 3 — —— 229 
* — 3 17 13 39 4|— 52 . 
— 5 — — 1 13” 
Arg. lat. 8 1 26 58 6 | — — 40 
9 —.—j 1 309 
Reduc. 5 52 „ a 7 
— ar : 
I in theedliptic 11 18 34 45 #] i 13 
2 true lat, " 4 35 22 8. A. — | 2 32 7 


57 
43 


18 lNnl»l vc 
\S SI Dd N 2 
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Sun's true longitude, ſee page 14 = 
Mon's apogee 1 equated ſubtract + - 


Sun from Moon's apogee, © a/ Þ apogee 


Sun's longitude - - | 
Moon's node ſubtract — — 


Sun from the Moon's node © a ) & - 


2 © a') N - of 
© a!) apogee fubtraft. - - 
Argument 4th equation - - 

MAES | . 
» mean Anomaly: 4 19 13 232 ) a © 3 9 14 
2 © A » apo. — 5 28 26 8 | Argum. lat. — 8 6 5 
Mean Aion Io 20 47 Is | 2d argum. lat. 7 1 32 16 


Mean evection 10 20 47 15 
2 ) me, anom. + 9 8 26 46 


Argum. 5th equa. 7 29 14 1 


Mean evection 10 20 47 15 
O me. anom. + o 23 11 43 
Argum. 6th equa. 11 13 58 58 
Mean evection 10 20 47 15 | 


O mean anom. — o 


23 11 43 


Argum. 7th equa. 9g 


27 35 32 


Mean evection 10 
z central equa, — 


20 47 15 
2 10 22 


Argum. gth equa. 10 


18 36 53 


N anom. q eq. 4 
© a' Þ apogee — 8 


15 42 41 
a9 13 4 


Argum. 1oth eq. bs 
or ) a © 7 


16 29 37 


Firſt equa. ) lat. 0 4 30 54 
© mean anom. — 0 23 11 43 


zd arg. lat. 


» horizontal parallax 58 56 


/ i 8 BY 


As 11:6::58 56; 32:8: D diam. 


„ 
| Whence Þ ſemi-diameter 16 4 


1 

) ſimple lat. 4 30 54 SA. 
2 equation 4 37 SA. 
) equated lat. 4 35 31 SA, 
3 equation 9 N. 
D true lat. 4 35 22 SA 


Required 


December 1700 


Days 
Hours 8. 
Minutes 45. 
Seco nds 


D me. mo. 
Y 1eq. 
Apo. — 


Þ me. anom. 
6 leis eq. — 


D an. 7 eq. 
Cent. eq. + 


D an. 8 eq. 
: Evect. — 


N an. 9 £q. 


Varia. — 


D an. 10 eq. 
Apo. + 


) in orb. 


e 
Arg. lat. 
Reduc. + 
) long. 


Þ lat. 


52. 
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Required the true longitude and latitude of the Moon on the 
12th of December, at 8 hours, 45 minutes, 52 ſeconds, mean 


time, P.M. 1777. 


) me. Mo. Me. Mo. D Ap. Me. Mo. DN 
Sg 50 "RR, "= 17.4 ; 
4 1 56 40 11 3-36 15 4 29 37 57 

3 33 31 7 #* 34/37 

4 9 23 3 1 10 39 50 22 58 57 

'$- 8 7.80 1 20 13 19 19 43 
4 23 32 2 14 38 8 

24 42 12 0 

29 1 | 5 

— — — I 
1 27 48 57 7 1843 42 | — 
+ 3 29 „ 

1 27 52 26 57 18 5 51 3 9 39 59 
7 1 — 2 49 
6 9 46 35 3 942 48 

8 24. 
— O a“) apogee 1 3 10 38 

6 735 - 2 © x apogee 2 6 21 16 

— Oz)Q 51133 41 
6 10 44 17 20a) NM 10 23 7 22 

Evi Mean evettion 4 3 25 19 
— | D a O 5 6 26 24 
9 EF 
N 9 9 38 "+ m" E 
7 18 5 51 Een 
— — — 0 

1 27 15' 29 4|— —|— 56 

3 9 42 48 ES. SER: aw 

— 1 85:29 
10 17 32 41 7— — 1 5 
6 57 +] 20 9 44 

— 1 + I 20 
1 27 22 26 | 
— —1 8 24 
3 28 36 S. D. — — 
Required 


e 
322 


. 


Required the longitude and latitude of the Moon on the 28th of 
May, 3 hours, 58 minutes, 54 ſeconds, P. M. mean time, at 
Greenwich, 585 ante Chriſtum, Julian ſtile.—(See page 15.) 


AS H/ 


500 A. C. 1 
84. 11 14 59 9 

I. 1923 3 
535. : 7 3 34 17 
Iſt year Chriſt 8 23 14 3 
Þ me. mo. I 19 39 51 
May 28 days 8 56 21 
Hours 3. 1 38 49 
Minutes 58, 31 50 
Seconds 54. 30 
me mo. 2 0 47 21 
1ſt equa, + 11 
) 1 eq. 2 O 47 32 
Apo. — 8 13 52 36 
) me. ano, 5 16 54 56 
6 leſs eq. + 'K »- 


D ano. 7 eq. 5 16 56 33 
Cent. equ.— 124 45 


D ano. 8 eq. 5 15 31 48 


Evect. 20 40 Mean evection 6 15 23 4 
Y a © o 6 32 
Þ ano. q eq. 15 52 28 yr 7 a 
Vari. + a N 2222 o 013 4 
D ano. 10 eq. : 5 15 52 34 [| +7] 7—7 
Apo, + 8 13 52 36 2] 2 35 — — 
D in orb. 1 29 45 10 a = 2 * = 
bh 1 25 44 10 cl 7 — 
q_ 6] — —|— 22 
Arg. lat. . 7 — — — 24 
. — 1 15 þ mg 
D long. I 29 44 12 
— — + 1 
lat. 20 59 N. A. . 


S. Apo. 1 q 
6. 5 56 15 10 10 56 15 
S 77 9 0 443 3 
1110 39 50 19 19 43 


50 1 28 58 
1 24 
7 
F 
— 25 1 29 29 
8 13 52 36 1 25 44 O 
+ 10 
1 25 44 10 


CEE 
2 O a“ DA 2 


0 
8 

2 Oa' Yapogee 11 1 31 5 
3 
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enn v. 


To find the Time of the true ecliptic Conjunctions 
and Oppoſitions of the Sun and Moon. 


PSIG EL PT L 


AKE out of the table of the mean motions of the Moon 

from the Sun the numbers aſcribed to the radical year the 
complete years from thence, and the beginning of the given 
month; and having gathered them all into one ſum, ſubtract that 
fam out of the whole circle, or twelve figns : the remaining num- 
bers of themſelves, if the conjunction be that which you ſeek, 
and the ſame increaſed by ſix ſigns, if the oppoſition be ſought, 
will, when turned into time, give the mean moment of the con- 
junction, or oppoſition, nearly; that is to ſay, if firſt amongſt 
the mean motions belonging to days you ſubtract the number 
which is the next leſs to the given one out of the given one, and 
then ſe king the remainder amongſt the mean motions beloag- 
ing to hours, you do as you did before; that is, take out 
the next leſs to the ſaid remainder, and ſubtra& it out of the 
remainder; and afterwards, if you ſeek the laſt remainder 
amongit the mean motions belonging to minutes, and writing out 
the next leſs to the ſame, you take this next leſs in like manner 
out of the remainder; and then, laſtly, if feeking the laſt re- 
mainder amongſt the mean motions belonging to ſeconds, you 
write out the ſeconds belonging to the ſame ; if you do thus, that 
day, with the hours, minutes, and ſeconds, will ſhew you the 
near time of the mean conjunction, or oppoſition, if the year be 
not biſſextile; if it be, the day next leſs to the given one, with 
the hours, minutes, and ſeconds, which you have before found, 
will be the near mean time required. Now, having this near 
mean or equal time given, we may eaſily find the true time of the 
mean conjunction, or oppolition, by the following: 


Patceyr [[.—Calculate the longitude of the Sun and of the 


Moon in the ecliptic by the precepts in the zd and 4th ſections; 
then, if the places of theſe luminaries agree in longitude, ſo that 
they are defined by the very ſame numbers, (which, however, 
happens but very rarely) or if their places be diametrically oppo- 
fite to each other, then the conjunction, or oppoſition, will hap- 
— at the very ſame time; but if, as it commonly happens, the 
ongitude of the Moon be greater, or leſſer, than that of the 
Sun, take the difference; for by that difference you may obtain 
the true conjunction, or oppoſition, in this manner: 1 


PrECEPT 
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PaECETT III.— To one hour before, or one hour after, the 
mean time of conjunction, or oppoſition, according as the Moon 
is in antecedentia, or conſequentia, of the Sun: compute again 


| the places of the Sun and Moon, by which you will gain the true 


& hourly motion of the Moon, as alſo the true hourly motion of 
the Sun; then from the true hourly motion of the Moon take 
the true hourly motion of the Sun, and you'll have the true 
© hourly motion of the Moon from the Sun; then work by the 


4 


golden rule, ſaying, as the hourly motion of the Moon from the 


Sun is to one hour, ſo is the difference of longitude of the Moon 
and Sun to the interval of the mean and true conjunction, or 


oppoſition ; which interval of time, if the Moon hath not yet 
overtaken the Sun, ſuperadded to the mean time, gives the time 
of the true conjunction, or oppoſition ; but if the Moon have al- 
ready paſſed the Sun, taken from that time will ſhew the mean 
moment of the true conjunction, or oppolition. To this time 
compute again the true places of the Sun and Moon, and if they 
agree exactly to the ſame ſecond in reſpect to longitude, or if 


| their places be diametrically oppoſite, or differ preciſely fix ſigns 


in longitude, then have you got the true time of conjunction, or 
oppolition ; otherwiſe you muſt proportion again, and continue 
your computation until you get an exact agreement, as will be 
exemplified further on. 


PR ECF IV.—Having thus obtained the mean or equal time 
of the true conjunction, or oppolition, our next buſineſs will be 


to equate the mean to the apparent time. Thus, by ſe&ion III. 


ſeek the equation of apparent time depending on the Sun's true 
place, as alſo that part of the equation which belongs to the 
Sun's mean anomaly, and from thence the abſolute equation of 


time, as is there taught: which having found, add it to, or ſub- 


tract it from, (according to its ſign +, or —) the mean conjunc- 
tion, or oppoſition, and you'll thereby obtain the apparent time 
of the ecliptic conjunction, or oppoſition, according to the me- 
ridian of your tables, 
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SECTION VI. 


To ind in any "ogg how many Eclipſes there will 


be, and 1 


in what Months they happen. 


N order to diſcover how many eclipſes will happen in any 
year, we are firſt to obſerve, that the Sun enters the twelve 
zodiacal ſigns on theſe days, as under: 


— * 1 K SE 9 Oo 
January, February, March, April, May, June, July, Auguſt, 
20 18. 20. 20. . 11. #H 23. 
1 ＋ V3 
September, October, November, December: 

23. 23. . 


Find for the given year the mean place of the Moon's North 
node ; for in thoſe months in which the Sun enters the ſigns that 
the lunar nodes are in, will the eclipſes of the luminaries happen 
for that year; and the nodes being diametrically oppoſite, if 
there happen an eclipſe in January, there will alſo one happen in 
July, ſeeing the ſigns, Aquarius and Leo, are oppoſite ſigns, and 
are thoſe into which the Sun makes his ingreſs in January and 


July, which may therefore be called the node mpnths. 
By ſection 85 find the mean new and full Moons in the node 


months, as alſo in the months next before and after the node 
months, (by which means you will be ſure not to miſs any eclipſe 
for that year.) Set down the longitude of the Moon, both at new 
and full, in two ſeveral places, and from theſe places ſeverally 
ſubtra& the place of the Moon's North node for each new and 
full Moon. in each node month, calling the remainders the argu- 
ment of latitude, which if it be leſs than the limits of eclip- 


ſes found in ſection iſt, there will be an eclipſe at that time, 
otherwiſe none. 


Having thus far diſpatched the doctrine of eclipſes, wherein I 
have endeayoured all along to render every particular as conſpi- 
cuous and as eaſy as I poſſibly could, ſhall in the enſuing part of 


this work ſtrive to make the mode of calculation as familiar as the 
ſubject will admit. 


Let 


= yo 5 wy FT» 
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Let it be required to find how many eclipſes of the Sun and 
Moon will happen in the year 1777, and in what months. 


THE year 1777 is the firſt after biſfextile, or leap year, the 
epact is 20, and the radical place of the lunar node is ez 260; 
13/: 38“ at the beginning of the year, and conſequently do not 
_ its ſign that year; whence the months in which the 
eclipſes are likely to happen, are January, February, July, No- 
vember, and December : it will. here be neceſſary to examine the 
lunations in the month before, and in the month after, the node 
months, that no eclipſe be miſſed. Therefore, by precept iſt, 
ſeftion 5, find the mean conjunctions, and alſo the mean op- 
poſitions of the Sun and Moon, in January, February, June, july, 
November, and December, and from thence the true conjunc- 
tions, and true oppoſitions; which having obtained, proceed ac- 
cording to the foregoing precepts in this ſection, and as in the 
following examples : 


But I fhall firſt give an example of finding the mean conjunc- 
oy and oppoſition of the Sun and Moon in January, 1777, as 
under; 

Me. Mo. Pa“ © 
0 77 


| 8. / 

January — - — 4 6 
76 5 . 2 58 55 

Complete years c £2 N . 4 9 37 23 
Subt. 1777 - - 1 6 
From the whole circle — a I2 —— 
Remain motion ) a' © . - * 16 29 32 
Days 8 . , . : 7 7 0 
Remain 4 a F ILY 57 59 
Hours 17 - - - 8 38 6 
Remain - 2 — =? 19 53 
Minutes 39 - " — 19 48 
Remain - - — 5 5 
Seconds 10 - — - 5 
D. H. M. . — 


Mean conjunction, January 8 17 39 10, 1777. 


E 2 Motion 


. 


„ 


1 
41 
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1 
Moticn Moon from the Sun - . 3 16 29 32 
Add a ſemi-cirele - * - 6 — — — | 
Sum * * * 9 16 29 32 : 
Days 23 - - | = 9 10 23 13 1 
Remain „ 
Hours 12 - - ” 6 5 437 
Remain oat 9 „ 36 4 
Minutes 1, ſeconds 12 - 8 36 

0 


D. H. M. 8. 


Mean oppoſition, January 23 12 1 12, 1777. This is fo 'X 
very eaſy, that more examples would doubtleſs be deemed unne- 
ceſſary: therefore, having thus obtained the mean conjun&tions 
and oppoſitions, you may proceed according to the other precepts 
in ſeQtion 5th, to find the true, as I ſhall exemplity further on, 


and proceed now to examine the node months ; 


D. H. M. _ : 4 
New D January 9 2 14 jt din 9 19 47| © Eclipſe. 8 
North M ſubt. — 8 3 27 40 1. '| 
Argument of latitude - . 
Within the limit Sun eclipſed, Ante. 

1 D. H. M. 6. . V4 
Full) January 23 4 54 41 * in 4 4 9 D Eclipſe 
North & ſubt. 23 8 if 
Arg. HE. 2. 
Within y limit Moon eclipſed, dai, 1 

Z 


New Y February 7 18 47 » in 10 19 49 


North & ſubt. 8 
Argument of latitude - * 2-83-40 
Paſt the limits no eclipſe. 

M. H. M. 8. . 
ee 
Argument of latitudde « 10 25 29 20 


Paſt the limits no eclipſe. 


Full | 


629 


2 D. H. M. 8. . © | 
wy i Full)? June 20 12 9 58 D in 8 29 45 4 
es North & ſubt. — - $3 38 ab 4 
1 Argument of latitude = - 8 10. 49 
ein Paſt the limits no eclipſe, x 

— D. II. M. s. LET A. 

ws i New ) July 4 11 7 z ) in . . 

36 North & ſubt. - 3 18 11 38 þ 3, 

36 OR 5 
EY Argument of latitude - 11 24 55 .64 | 
of Within the limit Sun eclipſed, inviſible, | 
ſo | D. H. M. 8. | 4 = 
le- Full D July 19 22 19 11 5 in hw 42 48 | 
ns North & ſubt. = - a E. 55 54. 

ots 

'n, Argument of latitude | 17 53 


Within the limit Moon eclipſed, inviGble, 


No eclipſe in November. 
ſe. D. H. M. 8. „ 
| Full ) December 13 13 $9 15 ) in 
North & ſubt. 9 35 42 * 
Argument of latitude " I 


Paſt the limit no eclipſe. 


war 29 
— 
9 
Us 
HL 
+ 
O 


fe, D. H. M. 8. „ 
| New ) December 29 7 7 33 ) in 6 8.22. 
North & ſubt. ä 3 8. 47 19 >F:0o 
Argument of latitude 's 29 46 38J)- 
Within the limit Sun «liofed, ;ovifible, 
Thus, having examined all the mean new and full Moons in 0 
every month in which it is poſſible for aw eclipſe to happen, I find 
that in the courſe of the year 1777 there will be five ecliples of : 


the luminaries, viz, three of the Sun, and two ct the Moon, in 
the following order: the firſt will be a ſolar echpie, on the gth of 
January, P. M. and viſible only at the beginning. "The 1{-cond 
will be a lunar eclipſe, on the 23d of January, P. M. when the 
Moon will riſe eclipſed. The third will be a lar eclüpſe, on 
the 4th of July, near midnight. The fourth a lunar eclipſe, on 
the zoth of July, A. M. and therefore inviible. The fitth and 
laſt a ſolar eclipſe, on the 2gth of December, about ſeven at 


night, 
SECTION 
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To find the Moments, Duration, and the Reſt of 
the Aﬀettions of Lunar Eclipſes. 


N computing a lunar eclipſe, at the time of the true ecliptic 
oppoſition of the 'Sun and Moon, find the angle which the 
viſible way of the Moon from the Sun make with the ecliptic, 
, ECTS h 


As S. of the argument of the) lat. 
Townes: 8 

So is S. of the ) lat. 

To S. of an angle, which call A, and ſay again, 
As log. of the hourly motion ) a“ © co. ar. 

To log of the hourly motion of the) 

80 is S. of the angle A. 

To S. angle viſible way of the] with the ecliptic. 


Having thus obtained the angle of the viſible way of the 
with the ecliptic, our next bulineſs will be to find the neareſt ap- 
proach of the centres of the Moon and the Earth's ſhadow, which 


may be found according to the following anolagy: ſay, 


As radius 

To 8. ) latitude, 

So is Sc. angle ) way with the ecliptic 
40 S. of the neareſt approach centres. 


Increaſe the apparent ſemi-diameter of the earth's ſhadow by 
50“ for the earth's atmoſphere. From the ſum of the ſemi-dia- 
meters of the Moon and earth's ſhadow, ſubtract the neareſt ap- 
proach of the centres of the Moon and earth's ſhadow, the re- 
mainder will be the parts deficient : then fay, as the femi-dia- 
meter of the Moon to fix digits, fo are the parts deficient to the 
digits eclipſed. From the ſquare of the ſum of the ſemi-diame- 
ters of the Moon and the earth's ſhadow in ſeconds, deduct the 
ſquare of the neareſt approach of the centres of the Moon and 
earth's ſhadow in feconds, the ſquare root of the difference will 
be the motion of ſemi-duration in ſeconds. 

If the eclipſe be diſcovered to be above 12 digits, (or total) 
then from the ſquare of the difference. of the ſemi-diameters of 
the Moon and earth's ſhadow in ſeconds, deduct the fquare of the 


neareſt approach of the centres of the Moon and earth's ſhadow 
in 
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in ſeconds, the ſquare root of the remainder will be the motion 
of ſemi-duration in total darkneſs in ſeconds. 


Then ſay, as the hourly motion of the Moon from the Sun 
(reſerved in finding the true oppoſition) is to one hour, ſo is the 
motion of ſemi-duration in ſeconds to the time of ſemi-dura- 
tion, and ſo is the motion of ſemi-duration in total darkneſs to 
the time of ditto. 


For the time of reduction ſay, as the hourly motion of the 
Moon from the Sun is to one hour, (or 3600 ſeconds) fo is the 
reduction to the time of reduction. This time of reduction being 
doubled, and applied to the apparent time of the eclrptic oppo- 
fition, according to its firſt title +, or —, will give the apparent 
time of the middle of the eclipſe.—For an illuſtration of this 
ſection ſee the following examples: 


A calculation of the mean q_—_— of the Sun and Moon for a 
lunar eclipſe on the 23d of January, 1777, in the meridian of 


Greenwich, 
. | LT 60 
January . | 3 743 27 
| 7 3+ 3 1 17 54 
Comp. years | I 11 29 45 40 _ 
Days 23 22 40 12 4 
Hours 4 - — 
Minutes 42 1 43 1 9 2-26 
Seconds 20 x — 
O me. mo. 10 3 19 35 Hourly motion) 32 3 
Apog. — 39 © 8 Ditto © 2 32 
O me. anom, 6 24 17 9 Hourly mo. ) a! © 29 31 
Equa. + 48 33 
© longitude 16 4 18 8 
Tp: 3 
Firſt equation of apparent time - 9 20 — 
Second ditto — - - 3 13 — 
Abſolute equation of apparent tine - 12 33 — 
Hourly motion of the Sun - Y 3 32 
Sun's ſemi-diameter - - - 16 20 
Horizontal parallax of the Sun - 2 9 
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| U 4.4 ae0 44 
January 8 111 142 9 26 23 38 5 17 19 10 
| * 3-33-34 „»; 4 0558 
Comp. Years 57. 4 923 3 110 39 50 29 58 57 
Days 23. 10 3 3 26 2 33 45 19 19 43 
Hours 2 11 46 1797 113 3 
Minutes 23 3 12 32 
Seconds 11 — — 5 
— 6 12 13 29 
D me. mo. 3 29 36 42 +1052 1-20 32 22 
1 eq, — 4 49 — — 
: — — 6 12 24 21 3 26 46 48 
Þ 1 equat. 3 29 31 53 IE — 3 54 
Apogee— 6 12 24 21 — 
| 3 26 42 54 
me. anom. 9 17 7 32 — — 
6 leſs eq. — 2 40 0 
MELT | S 
Þ anom. 7 eq. 9 17 452 . ON) ap. 3 21 43 47 
Cent. eq. + 5 54 o 2 OA ) ap, 7 13 27 34 
OXY) RN 6 7 25 14 
'Þ anom. 8 eq. 9 22 58 52 204 ) N © 14 50 28 
Evect. — | 1 13 22 Mean evect. 2 3 39 58 
a! O 6 © 1. 43 
Þ anom. q eq. 9 21 45 30 + 0 EL 
Variation + 4 
* HOPE / + // : a 
D anom. 10 eq. 9 21 45 34 213 24 -þ 
Apo. + 6 12 24 21 3 — 11 
Lund 4 8 
Þ in orb. 4 4 9 55 5 1 24 
K — 3 26 42 54 6 2 25 
| — 7 I 4 
Arg. lat. oO 7 | 
—| 6 4 
Reduc. — 1 47 +] 3 24 
D long. 4 4 8 8 — 2 40 
Lat. bs 38 36 N. A. 
1 ZW 1 
H / i 


D horizontal parallax 56 13 ſemi-diameter 15 20 


D true hourly motion 32 3 ditto in lat. 3 50 


A Cal- 


. 


A Calculation of a Lunar Eclipſe that will happen on Thurſday, 
January 23, P. M. 1777, for the meridian of the city of Nor- 
wich. Lat. 529: 45” North long. 19: 15/ Eaſt from Green- 


wich: 

CES | H. M. 8. 
Eeliptic g mean time at Greenwich, ſan. 23, at 4 42 20 
Difference of meridians + - - - _ 
Ecliptic $ mean time at Norwich - 4 47... 
Equation of apparent time — 4 . 3 

Ecliptic $8 apparent time at Norwich 4 34 47 
Double reduction in time — — - 7 14 
Middle of the eclipſe apparent time . 4 27 33 
Horizontal parallax Moon - - 56 13 
Ditto of the Sun + - — 9 
Sum - - - 56 22 
Semi-diameter of the Sun — - - 16 20 
Semi-diameter of the earth's ſhadow - - 40 2 
Atmoſphere + * - - - 50 
Semi-diam. of the ſhadow of the earth and atmoſphere 40 52 
Semi- diameter of the Moon +4- — - 15 20 
Sum .. Al - - 56 12 
Neareſt approach centres Sun and Moon — „ 
Parts deficient . - - I7 47 
Digits eclipſed © = - - 6:77" I 
Motion of ſemi-duration . — 2461 

a H. I» i" 
Time of ditto — - - 1 23 22 


For the reduction in time. ; 
As 29': 31” (1771”) to 1 hour (3600”) ſo is reduc. 1-47” (107% 


/ 


To time of reduction 217” =3': 37 doubled is 7' : 14”, | 


For the neareſt approach centres | 
As radius - - - 10.00000 


— 
To S. 38“: 36“ ) latitude . - 8.05027 
So is Sc. 50: 23: 42” angle ) way - 9.99806 
To S. 38“: 25“ neareſt diſtance centres © and) 8.04833 

For the angle of the viſible way ) with ecliptic 

As S. 70: 27': 1” argument Moon latitude - 9.11282 
To radius - - - 10.00000 
So is S. 38': 36” ) latitude - * 8.05027 
To S. 40: 58': 2” angle A. - - 8.93745 


ö 
: 


—— ů — * 8 6 ˙ A 2 — 
— * 7 Js : 7 8 _ a = E l 
"Mn 


ATW). | 
As 17571” hourly motion ) a' © co. ar. - 6.75179 
To 32“: 3“ (1923“) hourly motion) 8 3.28 399 
S0 is S. 2: 58“: 2“ angle A. Ps 8.93745 


To S. 52: 23“: 42” Angle viſible way ) - 8.97321 


As ſemi-diameter ) 157 20” (920%) to 6 digits, ſo is parts defi- 
-- 443 þ 47” (1067") to 1067 K: 57': 31” the digits 
* 


eclipſed. 


Sum ſemi- diameter ) earth's ſhadow 56“: 12”. 
Or 3372”, but 3372 * 3372811370384. 
Neareſt approach of centres 38“: 25”, or 2305”. 
Then 2305 1 887825. 

But 11376384 — 5313025 6057359. 

Whence 4/ 6057359=2461” the motion of ſemĩ-duration. For 
the time of ditto lay as hourly motion D #' © 29': 31” (1971) 
to one hour (3600) fo is 2461” to 2461” x 3600/7+>1771"= 
gooz= 1 H. 23M. 22 S. the time of ſemi-duration. 


| : H. M. 8. 

Apparent time of the middle F 6-37-33 
Time of ſemi-duration — and + - « 1 23 22 
Beginning of the ecliple , - .  —_—_— 
End of ditto - - - $ 50 55 

From whence the apparent time at Norwich, 

| H. M. 8 
Beginning January 23d, 1777, P. M. - y--$- 32 
iddle 4 - — 4 27 33 
Ecliptic g - 4 5 4 34 47 
1 — - — 5 50 55 
| Duration 8 . . 3 * 4% 
Digits eclipſed „5 — - 6 57 32 


_ Having thus mewn the method of calculating a lunar eclipſe, 
1 1 next ſhew how to ſolve the ſame by a geometrical con- 
n. 
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The Geometrical Conſtruttion of the foregoing Lunar Eclipſe, 


1. Draw the right line, ABC, repreſenting a part of the 
ecliptic, perpendicular to which draw B D, which will repreſent 
the northern part of its axis, the Moon in this eclipſe having 
north latitude. | 


2. With the ſum of the ſemi-diameters of the Moon and 
earth's ſhadow 56/: 12// from. any ſcale of equal parts, with one 
foot of your compaſſes in B deſcribe the ſemi-circle ADC; in 
one point of which, towards the right hand, will the centre of 
the Moon be found, at the beginning of the eclipſe; and at ano- 
ther point, towards the left hand, will her centre be found at the 
end thereof. | v6.7 | 


- 3. Take the ſemi.diameter of the ſhadow of the earth and at - 
moſphere 40”: 52// in your compaſſes from the. ſame ſcale, and 
ſetting in foot in B, deſcribe the ſemi-circle EFG, for the 
— half of the earth's modow, the Moon's latitude being 
nonh, [INV 3 


' 4- Make BF the radius of a line of chords on the ſector, and 
ſet off the angle of the Moon's way with the ecliptic 5®: 24/ from 
F to H, and draw the right line B H, repreſenting 4 northern 
half of the axis of the Moon's orb, lying to the right hand of 
the axis of the ecliptic B F, becauſe the Moon's latitude js north 
aſcending, Had the Moon's latitude been north deſcending, it 
would have fallen on the left thereof. The contrary is ta be ob- 
ſerved when the Moon's latitude is fouth aſcending, or ſouth de- 


ſcending,  -— | 


5. Biſect che angle F BH, and draw the line B x; in this line 
the time of the true orbit-g of the Sun and Moon as ſhewn by 
the tables will be found. * | 


6. Take the Moon's latitude at the time of the ecliptic g 
387: 36// from the ſame ſcale, and ſet it from B 22 on the axis 
of the ecliptic ; take her latitude at one hour after ecliptic 8 
and ſet it from e to z; through y and z draw the right line m, o, u, 
for the path of the Moen's centre; then will m repreſent the 
place of the Moon's centre at the beginning of the eclipſe o, 
her centre at the time of the greateſt obſcuration, and n the place 
of her centre at the end of the eclipſe. | 


7. Take the hourly motion of the Moon from the Sun 297: 31“ 
in your compaſſes from the ſame ſcale; wit: that extent make 
marks along the line of the Moon's path, m, o, n, and divide them 
into 20 or 60 equal parts or minutes, ſetting the hours to the. 


divifions in ſuch ſort that the daſh fignifying the minute of eclip- 
F2 tic 


_—_—_— — 


* AY 1 


| begins, or when ſhe firſt topches the earth's 


( 36 ) 


tic 8, viz. 34 minutes 47 ſeconds paſt 4, in the afternoon, may 
be in the point y, a path of the Moon cuts the axis of 
ecliptic. 8 7 


8. Take the Moon's ſemi-diameter 15“: 20” in your compaſſes 
from the ſame ſcale, and with that Ried as a radius upon the 
points r, o, s, as centres, deſcribe circles repreſenting the Moon 
at the beginning, middle, and end of the eclipſe: 
For the point r repreſents the inſtant of jime when the eclipſe 
| adow, viz. 4 minutes 
11 ſeconds after 3 o'clock, P. M. The point o, the middle, or in- 
ſtant of greateſt obſcuration, or 27 minutes 33 ſeconds after 4. 
And the points s ſhews the monient of the ou of the eclipſe, or 
inſtant the Moon's limb quits the earth's ſhadow, viz. 50 minutes 
55 ſeconds after 3. 10 127 HT. ruins 


From hence it appears that the whole duration of the eclipſe 
will be 2 hours, 46 minutes, 44 ſeconds, and digits obſcure 
69: 57/3, exactly agreeing with the foregoing calculation. 


A Calculation of the true Oppoſition of the Sun and Moon for a 
Lunar Eclipſe on the 23d of November, 1779, Meridian of 
Greenwich, 875 | | | Is, 


deb Joc Gu B / 2 
November 1500. 7 9 4 44 3 7 44 18 
Complete } 76. in 36 bot r 34 
years 3. 11 29 1 1 8 . 
Days 23 e . 4 
Hours 7. 25 — — — 
Minutes 39. 1 36 0 
. 
O mean motion ry 36 26 
Apogee — 8 
O mean anom. 4 23 31 6 
Cent. equ. — : 1 10 4 
© longitude | 8 1 26 22 


Equation of apparent time + 137 11” | 

D true latitude” 3“: 16” S. D. Y horizontal parallax 59“: 15” 
D ſemi-diameter 16:9” © ſemidiameter 16': 18” 

D true hourly motion 35 30 D hourly motion. 

© ditto += =- 2 32 In lat. 3“: 15", 


Hourly motion Þ a' © 32 58 


November 


9 


W 


November 1700 


— p. | 76. 
ears 3. 
Days 23. 
Hours 7. 

inutes 39. 


Seconds 48. 


D me. anom. 


6 leſs eq. 


Dan. 7 eq. 
Cent. eq. — 


D an. 8 eq. 
EveR. + - 


D an. 0 eq. 
h 


D an. 10 eq. 
Apo. + 
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10 7 10 21 


8. 0 4 
2 26 39 9 
3 33 31 
28 9 11 
10 3 3 3 
3 50 35 
- 21 24 
27 
2 5 37 43 
+ 6 59 
2 5 44 42 
10 7 10 21 
3 28 34 21 
+ 9 38 
3 28 43 59 
5 42 39 
323 1 20 
1 14 32 
324 15 52 
— 1 
324 15 51 
10 7 10 21 
" "©... 12 
2 2 6 43 
11 29 19 29 
8 10 
"2 1 26 22 


—_—. 


- 


* 


da 5 29 59 51 
2 D a1 11 29 59 42 
747 of ** 
2| 4 39 
3 I 
4 54 
oj JF: 
6 3 2060 
A 
+] 9 38 


2 © a' apogee 7 18 32 2 


S. O 4 * 
O a“) apogee 9 24 16 1 
O Kͥ 5 29 19 39 


20a) & 11 28 39 18 
Mean evection 8 10 2 19 
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The Calculation of à Lunar Eclipſe that will happen on Tueſday, 
| Novemher 23, 1779, P. M. in the Meridian of Norwich. 


H. M. S. 
Ecliptic 8: mean time at Greenwich 1 7 39 48 
Difference of meridians + - X 5 
Ecliptic $ mean time at Norwich - * % a: 
Equation of apparent time 4. - 13 11 
Ecliptie g apparent time at Norwich 8 ” 7 a0 
Double reduction in time -+ - - 36 
Middle of the eclipſe apparent time 3 7 6.86 
Horizontal parallax al the ) 3 - -- 098 
eto of the a 1 - - 9 
Sem 2-1 ? 12 2 
Semi-diameer of the Sun — - ES 16 18. 
Semi-diameter of the earth's ſhadow - | 43 6 
Atmoſphere + - | 50 
Semi-diameter, ſhadow, earth, and amoſphers | 43 56 
Semi-diameter of the ) + - 16 9g 
Sum ” 9 17 i 60 5 
| * i 
Semi- Heathen of the earth's ſhadoy * n 43 56 
Semi-diameter of the ) — 16 9 
Difference . 7 27 47 
Sum Þ * = | 60 $ 
Neareſt approach of centres — - Ry Ret 3 is 
Parts deficient = © 15. . 56 50 
1 
Digits eclipſed „„ 1 
Angle of the Moon's viüble way 44 
” 
Motion of ſemi-duration 4 3399 
Motion of ſemi-duration in total darkneſs I 165 
, 1 H. M. 8. 
Time of ſemi-duration — 1 49 10 
Time of ſemi-duration in total darkneſs | ,- 50 12 
Middle of the eclipſe ae time - 5. Is 
Semi-duration — and + - 1 49 10 
Beginning of the eclighe - 6 6 9, 24 
End r e 9 47 45 
Middle of the eliple - - 7 $58 35 
Semi-duration of total darkneſs — and + - 50 12 
Beginning of total darkneſs - - „ 
* of total darkneſs - - - 8 48 47 


Whence 


= 


Late . 


1 * 
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Whence the apparent times at Norwich are, 


H. M. 8. 
Beginning at Norwich apparent time, Nov. 23d 6 9g 2 
Beginning of total W - 7 ; 5 
Ecliptic 8 OA Y L 
Middle - - : 70 35 
End of total darkneſs - 0 8 48 47 
End of the eclipſe - - - 9 47 45 
Duration of total darkneſs - - 1 40 24 
Duration of the eclipſe — - 3 38 20 
| he” Oe" 
Digits eclipſed += - - 24 G' 26 


| A Calculation of a mean Conjunction of the Sun and Moon for a 


Solar Eclipſe, on Thurſday, January 9, 1777, in the Meridian 4 
of Greenwich. 


1 8 $7 er | 
January * 9 10 7 32 3 7 43 27 | 

7 3+ 3 8 17 54 | 
Comp. years | i 169 4 E. 4 
Days 9 52 16 o 
Hours 7 24 W RY 
Minutes | i 53 3 9 2 23 
Seconds 56 2 a \ 
© me. mo. 9 19 29 22 2 
Apo. — | 3 9 2 23 | 
O me: anom. 8 10 26 59 
Cent. equ. | + 21 27 


ä 


© longitude '9 19 50 49 


* 
Firſt equation of a nt time - . 6 32 — 
Second equation of ditto - - 1 25 — 
Abſolute equation of apparent time Ow 7 57 — 
5 * 
Sun's ſemi-diameter - 16 21 
Moon's ſemi-diameter - 15 53 


Moon's horizontal parallax 58 16 


January 


3 
January 700. 111 142 
I” . 3 33 31 
Comp. Years 3 4 
—_- - 9. 3 28 35 15 
Hours 3. 138 49 
Minutes 46. 25 15 
Seconds 506. 31 
D me. mo. 9 24 38 6 
1e. — — 2 7 
D 1 equat. 9 24 35 59 
Apogee— 6 10 44 27 
me. anom. 11 13 51 32 
6 leſs eq. | + 5 56 
D anom. 7 eq. | 3 13 57 28 
Cent. eq. — 6 12 47 
anom. 8 eq. 3 7 44 41 
Evect. + 1 19 53 
'Þ anom. g eq. 3 9 4 34 
Variation 3 
anom. 10 eq. 3 9 431 
Apo. + 10 44 27 
D in orb. 9 19 48 58 
g= 3 27 29 40 
Arg. lat. 5 22 19 18 
Reduc. + 151 
D long. 9 19 50 49 
D Lat. 


( 490) | 


„ &424 40 
9 26 23 38 5 17 19 10 
F 
1 10 39 50 29 58 57 
1 © 10 19 19 43 
0 28 36 
13 24 

6 10 39 38 — 
n 
6 10 44 27 3 27 31 24 
Defines —1 44 
327 39 4© 
0-4 


OA) ap. 3 9 6 22 
2 O4') ap. 6 18 12 44 
OX) 52121 9 
204) Xx 11 12 42 18 
Mean evect. 8 25 38 48 
a' O 11 29 58 12 
2) © 11 29 56 24 


| +] Own + wv 


4 

un 

4 
oO 


39 56 N.D. 
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A Calculation of a Solar Eclipſe that will happen on Thurſday, 
January the gth, 1777, P. M. for the Meridian of Norwich. 


; H. M. S. 
Ecliptic 6 mean time at Greenwich - 3 46 56 
Difference of meridians + - - 5 
Ecliptic & mean time at Norwich - 1 
Equation of apparent — - - 7 bY 
Ecliptic & apparent time at Norwich - 3 43 59 
Longitude of the © and Þ in the ecliptic - Yi 9 59 49 
Sun's right aſcenfion then - - 291 28 41 
Apparent time from noon + 8 - 55 $59 45 
Right aſcenſion of medium celi - 347 28 26 
Complement ſhort of - - P.I8.. 31, 30 
Medium celi in the ecliptic - - IC. a6. 23" oF 
Meridian angle - - - 67 6 58 
Declination of the culminating point, S. — 3 32,80 
Altitude of the equator at Norwich - 1 
Altitude of the medium celi - - 8 
Altitude of the nonageſima degree - © 33 11-4 
Diſtance of the medium celi from nonageſima = $8.4" 
Nonageſima degree m - - w 18 24 30 
Moon from the nonageſima - - 88 33 41 
Horizontal paraliax of the Da“ © - - 7 
Parallax in longitude ) a' © — - - 36 ro 
Vifible ecliptic longitude Moon = - w Ig 14 39 
Moon's true latitude, N. D. - - 39 56 
Parallax in longitude ) a“ © - - 45 32 


Moon's viſible latitude, S. D. - - 5 36 


For the Place of the Medium Celi. 


As radius - - =  10.000000 
„ 1 N. 

To ſc. 23: 28: zo the obliquity 8 9.962481 
So is tc. 12: 31: 34 right aſcen. medium cel: 10.653310 
To tc. 13: 37: 3 diſtant from p - 10.615791 
, W 

From P TERS. - - > SY 0]. 0% 
Take the diſtance from p . - = 3.3 
Remain medium celi in the ecliptic - „ 11 16 22 


G For 
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For the Meridian Angle. 


11 a - 10.0000000 

„ if — 
To S. 23: 28: 30 - - 9.600263 
So is ſe. 12: 31: 34 - 8 9.9895 37 


To ic, 67 : 6: 58 meridian angle - | 9-589800 


— — —-—ę„—— 
* * — % - — 


For the Declination of the Culminating Point, 


As radius - — - 10.000000 
„„ — e—_— 

To t. 23:28: 30 - by — 9:037783 

So is ſ. 12:31:34 x. - 9.33622 


Tot. 5: 22:52 ſouth 8.974011 


For the Altitude of the Medium Celi. 


oO 8 
Norwich elevation of the equator - 37 16- © 
Declination of the culminating point, S. — „ 
Altitude of che medium celi — ” 8. n 


For the Altitude of the Nonageſima Degree. 


As radius - - - 10.000000 
Od | 

Toſ. 67: 6: 58 meridian angle - 9.964398 

So ĩs ſc. 31: 52: 8 altitude medium celi 440-44 

To ſc. 38:31: 3 altitude nonageſima — 9.893438 


For the Place of the Nonageſima Degree. 


As radius - — 10.000000 

e — 
To t. 58:7: 52 co- altitude medium celi - 10. 206422 
So is ſc. 67: 6:58 - p 9.589799 


* 
Tot. 32: 1:33 diſt. medium celi a“ nonageſima 9.796221 


Medium 


um 
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bx 8 6 " 
Medium celi in . - - 33 16 -23 (67 
Diſtance medium celi from nonageſima + 3 4 1 a8 
Nonageſima degree in - - o 18 24 30 
) place ſubtract G - 9 Ig 50 49 
5 from the nohageſima wh 4 28. 33. 41 


If the Place of the Medium Celi be in 


2. = x L. 8: T. —— 5 The diftance of the medium 


celi from the nonageſima to, or from the place of the medium 
celi; ſum, or difference, is the place of the nonageſima. 


For the Parallax in Longitude. | For the Parallax in Latitude. 


As ſ. 587: 7” hor. par. 8.22799 As rad: - 10.00000 
To ſ. 382:31':3” alt. no. 9.79432 | | 
So is ited ) a! no. 9. 99986 To ſ. 58/: 777 - 8.22799 
| | — So is ic. 380: 31:3“ 9.89344 
To ſ. 36“: 10 par. long. 8.02217 = — 

— — To ſ. 457: 32% par. lat. 8.12143 


From the nonageſima ſubtract 3 ſigns, the deſcendent is in 
V3 182: 247: 30”, whence the luminaries are between the nonage- 
ſima and the deſcendent, or in the occidental quadrant ; therefore 
the viſible eclipſe will happen after the true, ſo the requiſites 


muſt be found to one hour after the ecliptic 6, for finding 


the time of viſible g. 


Note, If the Moon's longitude be leſs than the longitude of 
the nonageſima, (as in this eclipſe) ſhe is then in the occidental 
quadrant ; bat if more, in the oriental. 


For the Sun's right Aſcenſion, 


As radius - - 10.000000 
"87 

To t. 70: 6; 40 Sun from P - 10.441561 
So is ſc. 23: 28: 30 the obliquity - 9.962481 
Tot. 68:28: 29 Sun's right aſcenſion P 10.404042 
, O ” 

Right aſcenſion of P — = 360 0 0 
Right aſcenſion found — — 68 28 29 
Sun's preſent right aſcenſion — - 291 3 2 4 I 
G2 At 
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H. M. 8. 
At one hour after ecliptic 6 - - 4 46 56 
Diff. merid. + - - 5 

Mean time at Norwich ._ - 4-61. $6 

Equation of time - - 3. 8&7 

Apparent time at Norwich - - 4 43 59 

oon in the ecliptic - - 13 20 24 57 

Sun's longitude then - - 3 19 $53 20 

Sun's right aſcenſion - - 204 34 30 

Apparent time from noon - - 70 59 45 

Right aſcenſion of medium celi - 362 31 16 

Complement paſt - 233 1 

Medium celi in the ecliptic - AR. 4 af BY 1 

Meridian angle - - - 0... $3 -&7 

Declination of the culminating point, N. + - FE 0 -: 9 

Altitude of the equator at Norwich - $5 ke © 

Altitude of the medium celi - - 38 20 39 

Altitude of the nonageſima degree - — 43 : J9-- 9 

Diſtance of the medium celi from the nonageſima 26 42 26 

Nonageſima degree in 95 - P 29 27 20 

Moon from the nonageſima degree occidental BS 

| Horizontal parallax of the ) a/ © - i © 

| Parallax in longitude ) a © — - ww $ 
Viſible ecliptic longitude ) - V3 19 45 49 

) true latitude - - N. D. 36 46 

Parallax in latitude Da“ © Fo - 41 49 

) viſible latitude e 8. D. 9 9 

CI 31 O / 77 

Vißble place of the ) at ecliptic & - 13 19 14 39 

Ditto one hour after ditto F V3 19 45 49 

Viſible hourly motion of the Moon 3 1 

. Hourly motion of the Sun — 3-48 

| Viſible trourly motion ) 27 © - 28 39 


As 28': 39” =1719” to _1,hour=3600”, ſo is 36': 10”=2170"” 
the parallax in longitude ) a' © at ecliptic 6 to 7812000//= 
1 hour; 15 minutes, 44 ſeconds, the interval in time from true to 
viſible . This interval in time if the luminaries are occidental, 
as in this eclipfe, add; but oriental, ſubtract to, or from; the 
time of true 6 gives the time of vilible &. 


H. M. 8. 

Apparent time of true 6 at Norwich - 3 43 59 

| Interval in time add - - 1 I5 44 

| Apparent time of viſible & at Norwich - 4 59 43 
Diff. meridians ſubtract Wt 4 - ; 5 

Apparent time of viſible & at Greenwich 4 54 43 

Equation of time + — 7 67 

Y Mean time of viſible & at Greenwich 1 80 

To this time compute the longitude of the © and ). 
Viſible 


/ 


— :- ˙ ũ ĩ * * 
* * * 
* 
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H. 
Viſible 6 apparent time at Norwich - 4 
Moon's true longitude - - V 20 
Sun's longitude then - — Vi 19 
Sun's right aſcenſion - - 291 
Apparent time from noon — - 74 
Right aſcenfion of medium celi - 360 
Complement paſt - - op 3G 
Medium celi in the ecliptic - q 9 
Meridian angle 3 - 66 
Declination of the culminating point, N, + - 2 
Altitude of the equator at Norwich - 37 
Altitude of the medium celi - - 40 
Altitude of the nonageſima n 45 
Diſtance medium celi from the nonageſima - 25 
Nonageſima degree in - - - Y- 8 
Moon from the nonageſima - 101 
Horizontal parallax ) a' © - 
Parallax in longitude p a7 O a - 
Vikble longitude ) in the ecliptic — V 19 
Moon's true latitude, N. D. - - 
Parallax in latitude Da © - - 
Moon's viſible latitude, S. D. - 
- H. 
At one hour before-viſible 4 - - 3 
Moon's longitude in the ecliptic - V3 19. 
Sun's place then - - a V 19 
Sun's right aſcenſion n 291 
Apparent time from noon 8 59 
Right aſcenſion ef medium cel - - 351 
Complement ſhort of P 1 - 
Medium celi in the ecliptic — XK 20 
Meridian angle | - — 66 
Declination of the culminating point; 8. — — 3 
Altitatide of the equator at Norwich 3 7 
Altitude of the medium celi — Te 
Altitude of the nonageſima — 1 
Diſtance of the medium celi from the nonageftma © 30 
Nonageſima degree in . - P 21 
Moon from the nonageſima degree - ga 
Horizontal parallax of the Y. a © - | 
Parallax in longitude Þ) a” © — - = | 
Viſible longitude )] in the ecliptic - Vi 19. 
Ditto a viſible 4 * 4 13 19 
Viſible hourly motion) - - 
Hourly motion © — - - 
Vigble hourly motion ) a! © . - 
Moon's true latitude, N. D. © 1 
Parallax in latitude - - 
Moon's viſible latitude, S. D. . - 


ä — — U—— — —— — 
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At one hour after viſible 6 - -..+ 4 +28 
Moon's longitude in the ecliptic - Va $34 
Sun's place then - - V3 19 56 30 
Sun's right aſcenſion - - 291 34 54 
Apparent from noon- - 89 55 45 
Right aſcenſion of medium celi - - 381 30 39 
Complement paſt - - VP 21 30 39 
Medium celi in the ecliptic - P 2 $4.44 
Meridian angle - - 68 14 53 
Declination of the culminating north + 6 S243 
Altitude of the equator at Norwich - 37 15 — 
Altitude of the medium celi - - 46. - >: BY 
Altitude of the nonageſima - - 49 55 24 
Diſtance of the medium celi from the nonageſima 19 36 27 
Nonageſima degree in 5 - 8 12 51 41 
Moon from the nonageſima - 111 43 37 
Horizontal parallax of the ) a' © - 9 
Parallax in Jongirude 9 27 O — * 41 18 
Viſible longitude ) in the opus * WW a0 26: 46 
Ditto at viſible 6 - V5 19 53 14 
Viſible hourly motion of the D 42 33 32 
Viſible hourly motion of the © - 2 31 
Viſible hourly motion of the) a“ © - 3% 
| Moon's true — N. D. 32 46 
Parallax in latitude « 37 25 


4 

* 
+ 
Wa 
\S 


Moon's viſible , 8. D. 


For the Angle of viſible Way of the ) at viſible 6. 


Viſible longitude ) a' © 1 hour before viſible G 28 16 
. Ditto at 1 hour after 1 ditto - — 1 
Longitude D a7 O in 2 hours 59 17 
Viſible latitude ) a/ © 1 hour before viſible "4 5 25 
Ditto at 1 hour after ditto - - 4 39 
Difference of viſible latitudes in 2 hours - o 46 
As ſ. 59“: 17” viſible longitude ) 47 © in 2 hours 8.23662 
To radius | - 3 io. ooo 
So is t. 46 different viſible lat. in 2 hours 2 6.34834 


To t. 447: 28” ang. viſible way ) at viſible G 8.11172 


1 


For the Motion from viſible 6 to the greateſt Obſcuration, 


As radius - - 10.00009 

— — 
To ſ. 47: 42” viſible latitude ) at viſible 3 - 7.13361 
So is ſ. 44: 28” ang. viſible way) at viſible 6 8.11171 


To ſ. 4” motion from viſible & to greateſt obſcuration 5.24532 


For the viſible diſt. Centres © and ] at greateſt Obſcuration. 
As radius [tute - - 10.00000 


To ſ. 4': 42” viſible latitude D at viſible 8 - 7.13361 
So is ſc. 44': 28” ang. viüble way ) at viſible 6 9.94996 


To ſ. 4: 41” viſible diſt. centres © and ) at great. obſcur. 7.13357 


As 59: 175" 23557“ viſible hourly motion D a“ O in 2 hours 
is to 2 hours=7200", ſo is 4” motion from viſible 4 to greateſt 
ohſcuration to 8“ interval in time from viſible & to greateſt obſcura- 
tion; which interval, becauſe the) viſible latitude is deſcend- 
ing, add; but if aſcending, ſubtract. 


N. N. . 
Viſible 6 | . — 4 59 43 
Interval + — - 2 9 
Time of greateſt obſcuration - - 4 59 51 


Semi-diameter Sun 16': 21” + ſemi-diameter ) 15: 53” =ſemi- 
diameter penumbra=32': 14” in ſeconds is 1934/7, its ſquare is 
3740356. Neareſt viſible diſtance of centres © and ) 4”: 41”7 
in ſeconds is 281, its ſquare in ſeconds is 78961; then 3740356 
—789614/ 661395, its ſquare root in ſeconds, is 1913/2317: 53” 
wille motion of — 


Semi-diameter of the penumbra 32”: 14 —-xiſible diſtance cen- 
tres 4': 41 =27": 33"=1553" parts deficient ; then as ſemi-diame- 
ter of the © 167: 21/2981“ to 6 digits, ſo is parts deficient 165 3” 
to digits eclipſed 100: 6/: 36/”. 


1 4a 

Þ viſible latitude at 1 hour before viſible 6 - 5 25 

Ditto at viſible 4 - - FP 
Difference of viſible latitudes - - o 43 


r r — an. 
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As ſ. 287: 16” viſible motion ) a” © 1 hour before viſ. 6 7.91404 
To radius - 10.00000 
80 is t. 43” different viſible latitudes - 6.31905 


To t. 27': 9“ viſible way) with the ecliptic, from be- 8 
ginuing ecliple to greateſt obſcuration 5 40411 


As radius m 4 w [ 10.00000 


Tof. 31”: 53 ' viſible motion of ſemi-duration - 7.96726 
BO is ſc. 277: 9“ viſible motion above - 9. 99999 


To ſ. 31:53“ viſible motion in longitude from the be- 6 
ginning eclipſe to greateſt obſcuration — "As ot dan. 


— — — 


As 28”: 16”=1696” viſible hourly motion » a' © at 1 hour be- 
fore viſible 4 to 1 hour=3600”, ſo is 31“: 55. 21913“ to 4060” 
=1 hour, 7 minutes, 40 ſeconds, the time of incidence. 


As 31:17 21861“ viſible hourly motion ) a' O 1 hour after 
viſible & to 3600”, ſo is 1913” to 3700” =1 hour, 1 minute, 40 
ſeconds, time of repletion, | 


H. M. 8. 
Greateſt obſcuration = 4 59 51 
Time of incidence ſubtract — — 1 
Beginning of the eclipſe | 3 
Greateſt obſcuration 4199 $0 
Time of repletion add * ” — Hal 
End of the eclipſe - | SS 6-4 80 


Time of incidence + time of repletion, gives the 
H.“ . 
Duration of the eclipſe, viz. 1:7: 40 T1: 1: 40 22:9: 20. 


H. M. 8. 
Beginning of the ecliple at Norwich apparent me $ £18 
Vitible 4 4 59 43 
Greateſt obſcuration - - 59 51 
End of the eclipſe - - 6 31 
Duration - . 2 9 20 
Digits eclipſed - - 100 6 36 

Calculation 
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Calculation and Projection of the general Eclipſe of the Sun, 
January 9, 1777. 


/ MM 
Semi-diameter of the earth's diſk — 8 
Semi-diameter of the penumbra — 32 14 
Semi of the diſk and penumbra — — 90 21 
Hourly motion of the ) - - 44 'v 
Ditto of the Sun - - — 18 
Ditto of the) a © — - - 1 


Projection. Take from a ſcale of equal parts the ſemi-diame- 
ter of the earth's diſk 58“: 7”, with one foot of the compaſſes in 
© deſcribe the circle AB CD, repreſenting the horizon of the 
earth's diſk ; from the ſame ſcale take the ſemi- diameter of the 
diſk and penumbra go”: 21“, ar 1 foot in © deſcribe EF GH, 
and draw EG the ecliptic, and FH its axis; take 5®: 23“ the 
angle of the ) 's way from a line cf chords, and ſer it from F to I, 
and draw I K the axis of the ) 's orb, which will lie to the left 
hasd of the axis of the ecliptic, becauſe the 's true latitude is 
N. D. but to the right hand in N, or S. A. 


From the ſame ſcale of equal parts take the Y's latitude 
39': b and ſet it from © to L, through L, and at right angles 
to IK, draw mn, the D's orb, or line of her way over the diſk, or 
path of the penumbra. From the ſame ſcale with the ſemi-dia- 
meter of the penumbra 32/: 14/7 with one foot in MOL, and 
N, reſpectively, draw circles repreſenting the centre of the pe- 
numbra at thoſe places in its paſſage over the earth's diſk ; draw 
lines from O to MOP, and N, forming the triangles © ML, 
© OL, © LP, and © LN. 


Then in the triangle, OLM, are given OM, go": 21”, the 
ſum of the ſemi-diameters of the 'diſk and penumbra, and © 1. 
39: 56//, the 's latitude. To find the angle, MOL, the firſt 
angle of incidence, and ML, the motion of the penumbra from 
L to M, or half the motion of general eclipſe. 


Alſo in the triangle, © LO, are given © Q, the ſemi-dia- 
meter of the diſk, 58': 7/7, and © L the 's latitude, 39:56”, 
To find L © O, the ſecond angle of incidence, and OL, "If the 
motion of the central eclipſe. 


Remark.—If the Sun be in S8, N, M, A, M., or , the 
axis of the globe lies fo the right hand of the axis of the 
ecliptic; but if the Sun be in B. S. M, P, 8, Ib the 
axis of the globe Nes to the left hand of the axis of the ecliptic. 


Take the chord 89: 23“, the inclination of the axis of the 
globe with the axis of the ecliptic, and ſet it from F to 0, 
H raw 


( 50 ) 
draw QR, the axis of the globe 1 in the earth's diſk, 


Whence as the axis of the globe and the axis of the ecliptic lies 
on one and the ſame ſide of the axis of the ecliptic, the angle, 
Q © F, will be negative (otherwiſe affirmative). Whence from 
the angle, QO F, 80: 23“, take the angle, IO F, 52: 23“, the 
difference, 30; oo“, will be the angle, QO the angle of di- 
rection· | | 


Laſtly, in the triangle, L © S, are given the angle of direc- 
tion, LOS, zo: oo, and the Y's latitude OL 39': 56”, to 
find LS. | 


Remark —If the ſum of the ſemi-diameters of the earth's diſk 


and penumbra be greater than the) 's latitude at true 6, ſhews 
the Jun will be eclipſed. a 


Alſo, if the p's true latitude be leſs than the ſemi-diameter of 
earth's diſk, ſhews the Sun will be centrally eclipſed to ſome part 
of the earth: but if the difference between the ſemi-diameter of 
the earth's diſk and penumbra be leſs than the D's true latitude, 


proves the penumbra will not all fall within the earth's diſk, 
and that there will be but two angles of incidence. 


FECL At 1.0.x 


| H. M. 8. 

Apparent time 4 Norwich, January g, 1777 3 43 59 

Sun and Moon in the ecliptic - - J 19 50 49 

Moon's true latitude, N.D. - - 39 56 

Hourly motion ) 27 © - - 34 8 

| Semi-diameter of the O — - 16 21 

Ditto of the Moon - li the 15 $3 

Breadth of the annulus . - — 28 

Angle of the ) way - — 8 83 

For the Angle of the 's viſible Way. 
3. 0 „ * : | 

As ſ. 5:22:19:18 argument latitude a 9.12584 

To radius - | = 10.00000 

So is ſ. 39“ 56“ ) latitude — = * 8.06488 
To ſ. 4®: 59“ angle, A. w - 8.93904 

As 


* 


3 


* 
-— £ . * 
8 9 N 
* 7 5 : 


As 3137/28 


To 34: 8 22048 
So is ſ. 4: 59“ ang. A. 


To ſ. 59: 23“ ang. viſ. way D with the ecliptic 


As ſum femi-diam. diſk and penumbra o: 21” 


To radius 


So is ) lat. 39: 56“ 22396“ 
To ſc. 630: 46“ ang. incidence M © L 


As radius 


To © M. o': 21/5421“ 
So is ſ. 630: 460 MOL. 


To LM 4862“ motion of ; duration 


( 51 ) 


7” log. co. ar. ho. mo. ) a © 
g. hourly mo. ) 


As 948” half hourly motion ) a! © to half an hour, or 1800”, 
ſo is half the motion of duration, 2431”, to the time of half du- 
ration=4615 x 2==9230"=2 hours, 33 minutes, 50 ſeconds, time 


the penumbra is moving from M to L. 


As © O 59: 7” ſemi-diam. diſk==3487” 


To radius 


So is OL 39': 56"'=2396" ) latitude 
To ſc. L © O 46: 367 ſecond ang. incidence 


As radius 


To © O 3487” ſani-diam. Uiſk 


So is ſ. 462: 360 
To OL 2533“ half mo. central eclipſe 


As 1897” hourly motich D a“ © to 3800”, or 1 hour, fo is 
2533”, half motion of central eclipſe, to 4859 time of ditto. 


H 2 


— — CCC 
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As radius - — io. ooοοο 
To fc. 700: of: 110 O from P - | 9.5 3086 
So is t. 23: 287: 30“ declination | 9.03778 
To t. 80: 23/ declination of the 2 axis 3 9.16864 
| Bee. 

1 2 

From the angle QF 5 - 8 23 
Take the angle 10 F - » $ .: $2 
8 the angle QO of direction — 3 oo 
As radius — | 8 10.0000Q 
To © L 39”: 56"=2306" N latitude | - 3-37949 
So is t. 30: o angle Q© I of direction — 8.71940 
To LS 126/ motion thereof . - 2. 988g 


As 1897” : 3600” :: 126” : 239”=3': 59" time, which added 
to the apparent time of the middle of the eclipſe gives the 


apparent time when the meridional Sun will be centrally 
eclipſed. 


By collecting the reſults of theſe operations we have the angle 


of the ) way | 1 
Firſt angle of incidence 97 63 46 
8 i 1, 
Motion of ſemi-duration - - 4862 
oh H. M. 8. 
Time of ditto — — 3 0 
| 0.4 
Second angle of incidence - » 46 36 
2 
Motion of ſemi- duration of central eclipſe — 2533 


Time of ditto - 


Angle of inclination of the 2 axis 
Angle of direction . 


. 


7 

Motion from the axis to neareſt approach - 126 
M. 8, 

Time of ditto — v 3 59 
H. M. 8. 

Apparent time of ecliptic & Norwich, 1777, * 9 3 43 59 
Double reduction in time + 3 
Apparent time of the middle eclipſe — dus 
Semi- duration of general eclipſe — a= + - 329-20 
Beginning of general * - 1 17 10 
End of aitto - 6 24 50 
Middle of the eclipſe - a 1 * © 
Time from the axis to the neareſt approach - 3 59 
Sun centrally 4 in the meridian - 3 54 59 
Middle of the eclipſe . - 3 51 0 
Semi-duration of central eclipſe —and + - 1 20 59 
Beginning of central eclipſe - « S:: 0-4 
End of ditto . 5 11 59 


For the Sun's Declination. 


As radius - — 10.00000 
To ſ. lf 9 © from h - 9-97 339 
So is ſ. 230: 29“ greatelt declination — 9.60047 
To ſ. 220: 1“ preſent declination S. — 9.57380 

General 
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General Appearances of the Solar Eclipſe, January g, 1777, 


apparent Time in the Meridian of Norwich. 


* 


Eclipſe begins at O riſe 
© riſes centrally eclipſed 
© cent. eclip. in the nonag. 


© cent. eclip. 1514. tranſit 


O cent. eclip. in the merid. 


O ſet centrally eclipſed 
Eclipſe end at © ſet 


O upper touched by the] 


Þ lower limb - f 


O lower touched by my 
Þ upper limo 


Duration of the general ? 
eclipſe 4 


Duration of the central 


— 


echpic - 


Latitude. Lon. a“ Nor. 
H. M. 8. | 
o 7 {8 
1 17 1026 55 N.] 96 3oW. 
2 30 142 10 i005 00 
3 43 59/13 50 o 
3 31 a x5 30 
3 54 59j2r 2 | 58. 45 
C03 5936 56 20 30 
6 24 5021 27 16 2 
3 
54 594 24 S.| 58 45 
| 
'No where. | | 
5 7 4 | 
ö 
2 41 58 | 
| ö 


5; | 


To find the Place on the Earth where, in a Solar Eclipſe, the 
Eclipie is ſeen to begin firſt at Sun-rile. 


| 0 
Firſt angle of incidence et, - 63 46 
Angle of direction ſubt. - - 3 ©o 
Amplitude of the path - F 60 45 
As radius 8 - - 10.00090 
To ſc. 220: 1 © declin. ſouth - © 9.96712 
So is Ic. 60: 46 the amp. - - 9.08875 
To ſ. 260: 55 / latitude of the place north 9.65587 

For the Aſcenſional Difference. 
As radius - - - 10.00009 
To t. 262: 55/ latitude north - © 9-70561 
So is t. 23: 29 declin. north - 323 9.63795 
To f. 120: 45/ aſcen, difference — 9.34356 
For the Difference of Meridians. 
y H. M. 
Aſcenſion difference 120: 45/ in time is - oO 51 
Add - - — 1 

* True time of Sun-riſe - - 6 51 
Time at Norwich then - 5 A 

| Difference of meridians 969: 30/ Weſt . 6 26 


For the Latitude and Longitude of the Place where the Sun riſes 


- centrally eclipſed. 1 

Second angle of incidence - - 46 36 
Angle of direction ſubt. - 3 3 o 
Amplitude of the path - 2 — 43 36 
As 
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As radius — - io. ooo 
To ſc. 220: 17 © declin S. - - 9.96712 
So is ſc. 43: 36 amplitude path - - 9.85984 


To ſ. 420: 10f latitude of the place North - 9.82696 


I. M. 
Aſcenſion difference 220: 50/ in time is — 1 
Add - - 6 oo 
True time of Sun-riſe - - ” 31 
Time at Norwich - - 2 31 
Diff. of meridians 1050 0 W. 2 7 oo 


To find the Place where the O is centrally * in the 


Meridian. 

As ſemi-diameter earth's diſk 587: 3487“ log. 3.54245 
To radius - 10.00000 
— — 
So is dift. a/ centre earth to) path on univ. merid. 2380” 3. 37658 
"£0" 3 
To S. O's diſt. in merid. a' vertex 43 3 9.83413 
Sun's declination ſubt. - 28-2 — 

Latitude North - " 
H. M. 
Time there is noon, or — 24 0 
Time at Norwich, + a - 4 5 
Dif. of meridians 582: 45” W. — 3 55 
To find the Place where the * is centrally eclipſed in the 

Nonageſima Degree. 

As ſemi-diameter earth's diſk log. 3487” = 3:54245 
To radius — oO 10.00000 
80 is © diſt. in the axis ecliptic 2390“ log. 3.37839 
To ſ. azimuth between O and vertex 439; _: 9.83594 
— 


As 


5594 


As 


($7 3 7 


As radius . . 


10. 0000S 

To ſc. 80: 23“ inclination 2 axis 2 1 
So is t. 43: 16 O47 the vertex - SET 
To t. 430: of A. 4th arc. | . 9.96905 
- 0 / 
Sun's declination 8. — — 1 
Add | - . - | 99 © 
Sun's diſt. from N. pole, ) latitude being N. 13924 
4th arc. ſubt. - — 43 O 
3th Arc. 2 — 69 1 
As ſc, 430: o/ the 4th arc. co. ar. - 0.13587 
To ſc. 69: 1, the 5th arc. - 9.55399 
So is ſc. 43: 16 O a' vertex — 9.80223 
To ſ. 200: 53' latitude North . 9.55 209 
As ſ. 5th arc. 690: 17 co. ar. - 0-02979 
To ſ. 4th. arc. 43: © - . 2 9.83378 
So is t. 80: 23“ inclin. 2 axis . — 9.16849 
To t. 60:97 hour from noon © in nonageſima 9. 320 
BI A 
Time at Norwich 3 44 In degrees > 48 45 
Sun in the nonag. © 24 In degrees - 6:2. 
Long. W. 3 20 In degrees 5 50 0 


This ſame operation finds the latitude and longitude where the 
eclipſe is central at the middle of the tranſit of the penumbra; 
only in ſecond proportion, inſtead of ſc. of the inclination take 
the ſc. of the angle of direction, and in the firſt proportion take 
D's latitude inſtead of the Sun's diſtance in the axis of the 
ecliptic. 


To find the Place where the © ſets centrally eclipſed. 


Wa 
Second angle of incidence — - 46 36 
Angle of direction + — - 3 oO 
Path of the amplitude . 49 36 

I Az 


—ͤ — ca ern . > 2 
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As radius * 3 10. oooοο 
To ſc. 220: 1“ O declin. S. . — 9.96712 
So is ſc. 49: 36 path amplitude - 9.31166 
To ſ. 360: 56 latitude North * 9.77878 
For the Longitude. | 

H. M. 
Aſcenſional 5 320: 32" time "ho 
Subt. - _ f 6 
The Sun ſets oy | hit + 
Time at Norwich - : - & 1 
Diff. of meridians 200: 3of W. - | | 1 22 

To find the Place where the Eclipſe ends at Sun-ſet. 
-Firſt angle of incidence - X 63 46 
Angle of direction + | FF - 3 — 
— of the path - 66 46 
As radius 5 * 10.00000 
To ſc. 229: 1' Sun's declin. 8. - 9.96712 
So is ſc. 66: 46 amplitude path - 9.59602 
To ſ. 219: 2 latitude North Ws”, — 9.56314 
For the Difference of Longitude. | 

E | ; H. M. 8. 
Aſcenſional 90: 500 in time is - o 39 20 
Subt. - - 63338 
Sun ſets — — 5 20 40 
Time at Norwich — - 6 24 50 
Difference of ne, Weſt, 16 : 2 - fy 4 10 


To find the Place where the O's ape is touched by the )'s 


lower Limb in'the Meridian. 
% / Hd 
Semi-diameter of the 1 32 14 
Diſt. ) in the earth' axis from the centre diſk „ 
Difference Sa = 7 42 


. As 


1 — 
TR * 


. 


As ſemi-diameter earth's diſk log. 3487” - 3.54245 
To radius - - 26,0000d 
So is difference 77: 42” = 462” log. — 2.66464 
To ſ. 70: 37 Sun from the vertex — 9.12219 


Subt. 229: 1“ Sun's declin. 8. 


— — 


Latitude 14: 24 South 
The longitude is the ſame as where the Sun is centrally eclipſed 


in the meridian, 
: O Us 
Sun riſes centrally eclipſed long. - | 105 OW. 


Sun ſets centrally eclipſed long. N 20 30 W. 
Length of the central ſhade in degrees 84 30 W. 


Then 840: 300 2840.5 X 60“. 5, the miles in one degree, gives 
5872.75 Engliſh miles, the courſe of the central ſhade, weſt» 


ward. 


Hourly motion Moon a“ Sun 31.616 x 69.5 219. 312 ſtatute 
miles, the hourly velocity of the central ſhade over the earth; 
which is ſomething more than 36 miles per minute, an amazing 
ſwiftneſs, even exceeding that of the wind in a ſtrong gale. 


12 Geometrical 


( 60 ) 


Geometrical Conſtruction of the Solar Eclipſe, January 
the gth, 1777. | 


WITH the ſemi-diameter of the earth's diſk, 587: 7”, from the 
line of lines on the ſector, deſcribe the ſemi-circle AB C, repre, 


- ſenting one half of the earth's illuminated diſk projected on the 


plane of the ecliptic, A © C, ſet the chord of 230: 29', the 


greateſt declination from B to d and e, in which the pole of the 


world will be always found, ſet off the chord pf 80: 23“ from B 
towards d, and draw P ©, the axis of the world, which will al- 
ways lie to the right hand of the axis of the ecliptic when the 
Sun is in 23, K, MM, S, M., or ; but to the left hand if 
the Sun bein B, K, X, P, B, II. 


9 :.7 
Latitude of Norwich * < OATS 52 45 N. 
Sun's declination add and ſubt. - 21 18. 
Sun from the vertex at noon - - 73 46 
Sun from the vertex at midnight -— - 31 44 


If the Sun's declination had been North in North latitudes, the 
ſum will give the Sun's diſtance from the vertex at midgight, and 
the difference his diſtance from the vertex at noon. 


Set the fine of 730: 46' from © toI, and the fine of 312: 44' 
from O to H, ſo will I be the meridional interſection of the 
diurnal arch'of the path with the axis, and H the interſe&ion of 
the nocturnal arch of the path of the vertex of Norwich with the 
meridian. Biſect HI, in K, at right angles to PO, and draw 
an occult line; take the fine of 370: 15” the co, latitude, and 
with one foot of the compaſſes in K turn the other each way to 
6 and 6, and draw the line 6, 6, which will repreſent the tranſ- 
verſe axis of the earth's ellipſis to the vertex of Norwich, and 
H I the conjugate. Make 6 K the radius of a line of ſines, and take 
the fines of 15, 30, 45, 60, and 759, and ſet them from K in the 
tranſverſe each way to 6 and 6, through theſe points draw occul 
lines parallel to PO; make HK radius, and take the fines o 
75, 60, 45, 30, and 152, and with one foot in the tranſverſe 
ſeverally on each fide K, at 15, 3o, 45, &c. let the other foot fall 
in the occult lines, ſo will you have points through which the 
curve, repreſenting the path of the vertex of Norwich, will paſs; 
which curve will be an ellipſis, and when the Sun has South de- 
clination, will be on the upper ſide of the axis, 6 K 6; but on 
the lower fide when the Sun hath North declination. Alſo ob- 
ſerve to divide the horary ſpaces in halves and quarters. Set the 
chord of 220: 1' the Sun's declination South from A to L, and 
draw © L ; ſet the chord 370: 15/ co. latitude from A to M, and 
draw MN perpendicular to the ecliptic AC, cutting OL in O; 
transfer O O in the axis from O towards K, through which point 
draw a line parallel to 6,6, repreſenting the amplitude of the 


path 


00 1 | 1 y | 


Fall N 
K 4 2 


ä 


— 


* 


e 


1 


ath of the vertex at Norwich, ſhewing © riſes after and ſexs 
fore 6. Set off the chord of 5: 23/, fromBtoQ, to the left 
hand, becauſe the Mqon's BRA is N. D. but to the right hand 
when N. A. and draw © Q, the axis of the Moon's orb; take 
the ſine ) true latitude 39“: 56” to the radius of the diſk, and ſer 
it from © to R in the axis of the D's orb, through R, at right 
angles to Q ©; draw TV, the path of ) over the earth's diſk 

"during the time of eclipſe, | 
H. M. 8. 


Apparent time of ecliptic 4 at Norwich - 3 43 59 


As 1 hour= 3600“ is to the hourly motion of the Þ a'© 31“: 370% 
=1897”, ſo is the time paſt 10, viz. 43” 59 =2639” to the mo- 
tion of the) a“ © in that time 1390//=23/: 10”, 


Take 23/: 1o/ in your compaſſes to the radius of the diſk, and 
ſet-it from the axis of the ecliptic towards the right hand on the 
Moon's path, and it will mark out the hour of 3. From the ſame 
ſcale take 31/: 377, and ſer both ways from 3 to 2, and 4 from 4 
to 5, and 6, the places where the centre of the penumbra will be 
at thoſe hours; divide each hour into minutes. With the Sun's 
ſemi-diameter, 16': 21”, and one foot in the path of the vertex at 
the moment of viſible G, deſcribe a circle repreſenting the diſk of 
the Sun at that time and place. With 157: 53/7, the Moon's 
ſemi-diameter in the moment of viſible 8, with 1 foot in the 
path of the Moon's way, deſcribe a circle repreſenting the Moon's 
diſk at that time and place. With the ſum of the ſemi-diameters 
of the © and ), and 1 foot in the path of the 's way, carry 
the other along the path of the vertex until both points fall in the 
ſame hour and minute, which will ſhew the beginning of the 
eclipſe. 


Carry the ſame extent towards the left hand, one foot in the path 
of the D's way, the other in the path of the vertex, till each 
foot fall in the ſame hour and minute, ſhewing the end of the 
eclipſe. 


Laſtly.—Lay a ruler on the path of the J's way, moving it at 
right angles therewith from the right hand to the left, until the 
edge thereof cut the ſame hour and minute in the path of the ) 8 
way that it doth in the path of the vertex, then will that hour 

and minute be the time of viſi ble &. 


A Table 
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Radical Mean Places and Motions of the Moon from the 
Sun, for Years and Months New Style, for the 
b Meridian of Greenwich Mean Time. 


— * WA Ladd 


| 1700 | Gregorian, or New Stile. | 
n "> WO >. Wy W 
"January 4 © 54 10 | 
E * Years Gregorian | 
February 4 18 48 58 from 1700. 
| March 4 o 9 25 8 | 
P 
| 2 * . 0 / 7 
| April © 4 18 4 12 1009 24 53 26 
May Of4 23 47 33 2007 19 46 53 
| June o |. :.1F:.42:, 80 [2001 e „ | 
| 1 
| a ö %4 2.5 oh | 


| 

| 
September o | 6 23 15 17 600 [11 . . vi 
x | 


| October FF , 6 25 
| November . 433 «joy 13 30 as 


December o 7 22 36 46 [goo] 5 8 23 50 


„ 


WY 


— 


LEY — 


— 
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| Table of Mean Motions of | Table of Mean Motion ) 27 © 
| the Moon from the Sun for Days. 
for 99 Julian Years. x | 
„ 
8. 0 1 | ® 24 22 53 
F 34 20; 
8 | 11 11 7 I 18 45 47 
12 5 2 2 $91 $:4 £ O 57 13 
16 | 10 22 43 59 6 2 13 8 40 
nn e ® 238 19 7 
ie: 6 6 SS 7 0 35 
P 6. BR .. 4 St ; 
e * 3 
gt 3 Epi * 35 
0 
i © iS 
TE 8 2 — — 2 
ie 25: 3-0 
60 I 6 7:20 4 27 F 75 . 
FE 1 
6% | © 28 6 9 7 37 7 
3 , 35 20 8 3 48 63 
—- - — — 21 8 10 0 20 
70 5 on - 37 | 22 8 28 11 47 
4 11 14 w 54 24 9 22 34 40 1 
88 8 I ; 
| 5 3 5+ | 25 | 10 4 46 7 
r N 
r OB © 8. 
811 9 14128, | ne 11 20 27 
2 8 19 14 47 | 29 | 11 23 31 53 
„ 52 10 30 * 5 43 20 
e 


in Leap Year take out a Day 
ſooner for jan. and Feb. 


( 6z ) 


A Table of the Mean Motions of the Moon from the | 
Sun for Hours, Minutes, and Seconds. | 
ok 8 n i * 
| * F . 
a Ho, | 0 „ ” 0 1 
$ *f © 30 n 44 47 
= 0 57 32 16 15 16 
11311 31 26 33 16 45 44 
14142 I 54 | 34 | 7 16 13 
4 32 23 | 35 | 27 46 42 
. | of 3 2 54 | 36 | 18 17 10 
| i 33 20 | 37 | 18 47 39 
| 8| 4 3 49 38 | 19 18 
MAW: 34 18 39 9 48 
128 4 46 40 | 20 19 
8 35 15 41 20 o- 
i2} 6 5 43 42 21 20 
131 6 36 12 43 21 50 
14] 7 6 41 44 22 20 
15 7 37 2 45 22 51 
11618 7 38 46 23 21 
171 8 38 6 47 23 52 
181 9 8 35 48 24 22 
| 19 9 39 4 | 49 | 24 $3 
J 20 | 10 9 32 50 | 2g 23 
I } 21 | 10 40 a $1 $9 j *$ 54 
| 22 11 10 30 | 52 | 26 24 
? I 23 | 11 40 58 53 26 55 
24 | 12 11 27 54 27 25 
1 2512 41 Ss | 55 | 27 56 
| 26 | 13 12 24 56 28 26 
| | 27 | 13 42 53 57 28 54 
28 | 1 I 21 29 2 
| 4 3 58 
j 29 | 14 43 50 | 59 | 29 5 
: 30 | 15 14 19 30 28 
| 
1 


- . & © 
— * = — n 
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Table of the Radical Mean Places and Motions of the Sun 
and Firſt Star of the Aries for Years and Months, Old Stile, 
Greenwich, Latitude 519: 287: 30%, 


North Longitude 


oO: oo. 
1600. Julian, or Old Stile. 
— 3 
Mont hs. Me. place Sun. = frog Me. Pla. 1 X P. 
| ; vu 2H HRS. OO Ui 
January 119 20 12 31j3 6 oo 59gÞ 27 35 10 
February 1/10 20 45 493 © 1 4 27 35 14 
March ole -48 21 ang 0-3 ao 27 ne” at 
| A 
| April 2 18 55 op 6 1 1410 27 35 22 
May ol 1 18 29 113 6 1 19 27 33 27 
June $i 2. 19 2 a0 0 + 1200 we I 
| 
| July ol 3 18 36 39] 6 1 290 27 35 35 
Auguſt ol 4 19 9 576 6 35] 27 35 39 
September ol 5 29 43 1563 6 1 490 27 35 44 
October . 6 19 17 2513 6 1 45% 27 35 48 | 
| November o 7 19 50 4363 6 goſo' 27 35 52 
December . d 1% $4 % 0 „ 127 a8 6 


- 2 
non 1 9 — a 


1700. 


January 


March 
April 
May 
| June 
July 
| Auguſt 


October 


Julian, or 


Months. 


| me 


i” 


February 


September 


November o 


December o 


0 7 
| 9 20 58 
10 21 31 
19 7 

o 19 40 
19 14 

19 48 
10 20 
1 19 55 
5 20 28 
6 20 2 
7 20 36 
8 20 10 


— 
— 
—2 — — SS) 7) — 2 we — — _ 


S EY. +». AC. BS. A ity i. Ss. 


For the Radical Mean Place of the Sun's Apogee, &c. for 
any Month in the firſt Year of Chriſt, New or Old Stile, add 
the Mean Place for 1700, againſt the given Month, to 300 and 
1 Years; from the Sum ſubtract the Radical Place for 2000 
Years compleat, leaves the Radical Mean Place for the given 
Month firſt Year of Chriſt. 
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Table of the Radical Mean Places and Motions of the 
Sun and Fiſt S:ar of Aries for Years and Months, 
New Stile. 


1600. 


Gregorian, or New Stile. 


* 


Me. Place Sun. 


» 


Me. Pl. Sun's ap. Me. Pl. 1 * P. 


— 


, a do Er . 
January 1 10 2183 6 o 5710 27 36 
, 
March , 6-08 
April o 9 43 $;. 6. 5, wp ana 
May ofi 8 37 4713 6 1 17% 27 35 26 
June [2 9-H --$-$+ 6 17 x 27 35 3 
July e e "I 6.4 
SE 3 o 18 wif. 6. 1 330 27 35 38 
September ol 5 9 51 52] go” 6 3 48827 4" 0 

L | | 
Ocener of 6 5 26 3 6 +1 48 27 35 897 
November o 7 9 59 20} 3 6 1 486 27 35 $1 
December 0 8 9 33 05. „ EET 


0 . 


668) 


170. Gregorian, or New Stile. 


— 
. 5 P 8. o Ms. 8 


January 9 9 106 7 32 
February o 10 40 500 3 7 43 320 28 59 23 


3 7 43 270 28 59 19 


March en 8-26 2303 .: 9: 143 i 3Jo 28 59 27 


EApRyu? op 8 co 213 7 43 42Þ 28 59 31 


May I 2813; 7 43 45Þ 238 59 96 
June 2 8 57 3o[3 7 43 52 28 59 40 
E488 CE m_—_ | 
T $43! 743 $7Þ.28 $9 44 


Auguſt d 4 9 4 5813 7 44 3% 28 59. 48 
September o 9 38 16] 3 7 44 80 28 59 53 


October of 6 9 12 26] 3 7 44 1300 28 59 57 
November of 7 9. 45 44] 3 7 44 186 29 o 1 


December 3 9 19 54 3 7.44 230 29 a 5 
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Julian Mean Mot. Sun.] Mean Mot. Apo. [Mean Mot. 1 * . 
| a OS MEE: ater, 
100 [Oo o 45 32[0 48 21008 r 
200-10 2-38 4 --3--25-- vo ...3.20; 3 
300 o 2 16 360 5 7 30% 4 12 39 
r 0&6: Be: a 
3 % 3 47 1% 832 30%/% 7 © ga 
con: 1 ©' 4 39: 190 10 2g e 
700 o 1 ne ee 
800 | © 13  @ 6p 1 Y9- 236 
9 O 6 49 480 i5 22 30% 12 37 36 
1000 [o 7 35 200 17 „ fn: iS i: 
2000 O 15 10 4o!l 4 10 % 28 . 143-,. 3d 
3000 o 22 46 oft 21 15 d 12 5 ö 
4000 [1 © 21 202 g nate 001 26 6 49 
Yrs Greg: Me. Mat. Sun. | Me. Mot. Apo Me Mot. 1 * * 
2 1600 . ar. . ©, Apo. ' r 
K S 8, - 8 8 
100 [11 29 46 2410 _ 390 1 24 ich 
200 1 29 32 470 133 oo S a0 
$00 [64 20 739 . 140 -, 6.1%. oo. 4 65 
Rr 
eee '8' 30 ww 2-4 50 
600 |11 29 37 3000 10 15 oſo 3 
zes pb 29 % % 11 $7: e oO 49h. 4 
r WW 
goo |I1 29 55 500 0 15 22 290 12 37 2 
| 3000 [11 29 42.139 47 4 5% 14 1 3 
| | 
| : | 
| | 
| 
| 
| 


©. _- 
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Mean Motion of the Sun and 1 * T for 99 Julian Years. 


"1 


Julian | Mean Mot. Sun. | M 


e. Mot. Apog. | Me. Mot. 1 P. | 


Years. 
S. WINES : 7 70 
EST . 2-8 
£5 BY + 8 12 + 6 44 
-* BS 12 18 10 6 
16 16 24 13 28 
F 20 . 16 50 
fk 24 24 36 20 12 
1328 28 42 3 
| 32 32 48 26 58 
36 30 54 30 18 
40 41 © 33 40 
44 45 © 37 2 
4 
? 52 

56 | 


— =" oh ed LE 


(71) 
I Mean Mor. of | the Sun and fixed Stars for Days, Hours, Minutes, &c. 
| Me. Mot. Sun. 518 Me. Mo. Sun. Me. Mo. Star: 
. . 8 8 77 7 
>| : * IMin Us ”" WHIT Min , " pr 
= 3. 8 4 "ms — Sec. " mm mi Sec.“ „ 7777 
ö — — ö 
— — 
— — gg 8$[e/J — 2 28} 3 [1 16 23 
| 2 1 58 17002 FRY © 385 9 8 
3 2 57 25] 3 7 24331 21 1g 
1 9 5341 23 47 
5 ang 1 5 12 I 35 I 26 14 
6 5 54 Fo! 41 6 14 4361 28 4a 
7] 6 53 58%} | 7 7 9711 B; ud 
8 7.99 9] 31.7 -8 19 43381 33 38 
9 8 52 nc} i} | 9 "on I" TS hos 6 
10 9 51 23 2 1] 10 24 3013 935. 2d 
[11 10 50 32 2| 11 7 ia 16 8 2 
12 11 49 400 2| ©| 12 29 341 421 43 29 
13 12 48 460 2 2| 13 32 'N43j}1- $5. 88 
14 13 47 $572] 14 34 30 44|1 48 25 
Is 114 479 $2] ® 15 36 58 45|1 50 53 
16 15 46 13 3/216 39 n 
17] 16 45 22 3 1 41 5347 55 48 
18 17 44 30 3] © 18 „ 230 a8 123 18.25 
190 18 43 38] 3] 3| 19 46 49]49|2 ©. 44 
20 19 42 47 3 3] 20 49 17] 50 | 2 S- 1 
[zi] 20 41 55| 3] 3| 21 51 45]51|2 5 40, 
22 21 41 31 4 3/22 54 13] 52 | 2 8 8 
23 22 40 12| 4/3/23 56 40 53| 2 10 36 
24 23 39 20} 4| 5| 24 $9; $64 |2. 13.3 
251 24 38 28 4 3 251 1 36]55|2. 15 3! 
26 25 37 37 4 4 26% % 4 456% 7 59} 
27 26 36 45 4 4 27 | 1 6 2637/2 © 39 
428 27 35 53 5 4 28] 1 9 ol 581 22 35 
29 28 35 -2[:5ſ4 a9} 1 a7 $912 25 23 
z3o| 29 34 10 f 4 zo} 1 13, gs] 6022 27 50 
zi] 1 0 33 180 5 4| 
B 
| | 1 
both ſides.” | 


l In leap year take our a day ſooner for Jan. and Feb 


re 


' 
| 
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WM il Equation of the Sun's Centre. 

1 Argument of the Sun's Mean Anomaly. 

[o| Signs o | Signs 1 | Signs 2 . 3 | Signs 4 | Signs 510 
[1M] Subt Subt. | Subt. | Subr. Subt. Subt. IM 
18 O 0 / 17 O 7 © / #1; © / 0 / A 
o o of © 56 52 1 39 15} 1 55 49] 1 41 2200 59 o[zo| 
10 1.591058 36/140 16| 1 55 50 1 40 22] © 57 121291 
2 0 3 58] 1 © 18} 1 4t 15|'1 55 49] 1 39 200 © 55, 23/28 
3 557]1 1591142 13] 1 55 4 138 16 0 53 34/7 
4 7 56 1 3 39% 1 43 80 1 55 42 1 37 100 © 51 44/26 
510 9 5411 5 180 144 2|155 35% 136 3| 0 49 53/25 
— — 
6 o 11 52] 1 6 57] 1 44 54 1 55 26} 1 34 53] 0 48 124 
7 0 13 5of 1 8 33] 1 45 44 1 55 15] 1 33 41] 0 46 823 
8] o 15 48 1 10 gf 1.46 33 155 1| 1 32 28] 0 44 15/22 
9 o 17 45] 1 11 43} 1 47 19] 1 54 45] 1.31 13] © 42 19121 
100 © 19 42] 1 13 100 1 48 3 54 29 1 29 57 o 40 23120} 
110 0 21 39] 1 14 48 1 48 45 154 1 28 3800 38 27019 
120 23 36] 1 16 19 1 49 25 1 53 47] 1 27 19] o 36 3118 
5 5-30 4 1533 #31 7 £3. 37] 0-34 3307 
1440 27 28] 1 19 16} 1 50 41] 1 52 57] 1 24 34 © 32 34/16 
15} 0 29 23] 1 20 42| 1 51 15] 1 52 29 1 23 9] 30 35/15 
— — — 
16] 0 31 17] 1 22 7 1 51 48] 1 51 58] 1 21 42] 0 28 36014 
17] 0 33 11] 1 23 30 1 52 19 1 51 260 1 20 14/0 26 3613 
118] o 35 5 1 24 52/1 52 47] 1 50 52] 1 18 45| © 24 35112} 
19 © 36 58] 1 26 13] 1 53 14] 1 50 166 1 17 13] © 22 3411 
20] © 38 51] 1 27 33] 1 53 38] 1 49 38] 1 15 41 o 20 32110 
21] 0 40 43] 1 28 50 1-54 1| 1 48 56| 1 14 70 18 29 gl 
22| 0 42 34] 1 30 6|.1 54 21] 1 48 13] 1 12 31] 0 16 26] 8 
23] © 44 24| 1 31 20] 1 54 3% 1 47 29] 110 550 24 23] 7 
24] 0 46 13] 1 32 33 I 54 55| 1 46 43] 1 9 16] o 12 20 6 
25] 0 48. 21 1 33 44/155 9 14555} 1 7 37,0 10 17/5 
2600 49 5o| 1 34 54| 1 55 211145 4 1 5 5610 8 14] 4 
70 51 371136 2| 1565 310 1 44 11] 1 4140 6 11| 3 
28] 053 231 1 37 $|155 39}1 43 16 1 2 310 4 8] 2 
29 0 55 8] 1 38-13] 1 55 45] 1 42 200 1 o 4600 2 451 
300 © 56 52] 1 39 I5| 1 55 49] 1 41 22] 059 of o © of © 
© © 
MI Add Add Add Add Add Add IM 
AlSigns 11. [Signs 10.] Signs 9 Signs 8. Signs 7 | Signs 6. | A 


(73 )- 
rue hourly Motions and Table of the Sun's Par. and Refraction. 
——ů Argument of Sun's Altitude. | 
_Argument © Me. Ano. S Rc. c Ref. |© Nef. Y, Par. 
= as 5 HY Ts) 8. A bl MW All? nA 7 Al in Alt. 
o oſz 235 4900 120 [33 45/210 18056036 "4 
512 235 49025 3139 24/222 11157} 35% 10 
1002 2315 49120 227 35/232 5580 34 3| 10 
15½E 23115 4% 15 1112411 5959 32 10 
2002 2315 50/10 — — — — w | 
25/2 235 50 5 123 7ſz5jt 540600 31 fi 10 
— — 14021 202601 49/61] 30 — — 
1 og 245 510 11014019 460271 44162] 28 lis] 10 
512 24115 51ſ25 14118 2202801 40/63] 27 fz 10 | 
1002 24/15 52/20 2 17 5129/1 36 244 10 
15 24% 5 53/15 — — t 
2002 25] 15 540 fz i5 2030/1 32164] 2630 9 
252 2515 rol 5 313 200301 280666 25 k(aoq · 
—|3z/11 57832—⁰ 25166] 24 [33} 8 
2 oſ2 255 560 © 104 0 4833/1 22/67] 23 j36 8 
5.2 26015 58025 444% 5034/1 19168] 22 39 8 
1002 26015 59420 — — 2 7 
1502 2616 915 519 235ʃ 16069 215 7 
2002 2716 2% 54/8 21136|1 13170] 20 | 
25% 27116 35 67 4537]! 1171 19 1488 7 Þ 
— — . 104] 7 143861 $72] 18 [51 7 
3 oz 28016 f 97 6 47391 % 17 154] 6 
5|2 28016 6/25 — 57 6 
1002 28116 720 7:1 6 22j40|l 4/74 16 60 5 f 
15/2 29160 9015 86 o[41|t 275/15 — | 
202 2916 10010 841 5 40% 0½%6 14 63 8 
2502 30016 110 5 9 5 2244 58177] 13 66 4 44 
— — . 5 6/44] $6/78| 12 % 3 
4 oz 30016 130 8p-|—— — 72 3 | 
5% 31j16 14/5 f 4 52145] 54179] 11 [7s] 2 4 | 
1002 31016 1520 11] 4 27146] 52180] 10 | {4 
15K 31016 1615 i2] 4 $5147] 5080 9 78 2 þ 
2002 32016 17jio 413] 3 4780 4782 8 8 8 4 
2502 3216 18] 5 [144 3 31/49] 4783 7 [84 1 
— — — — . 87]. I 
5 Oz 32116 19] o 7|is| 3 17150] 484% © (gol) © 
5]2 32116 2025 16 3 451] 4455] 5 * 
1002 33016 20020 17] 2 53652 42/86] 4 
1502 33116 21115 18] 2 43153] 40187] 3 | 
2002 33ji6 21110 ig| 2 3464] 39880 2 | 
25/2 33116 210 5 20 2 26[;5]| 380890 1 
1 — | 94 © 
2 33016 210 Gf ———— —— 
| | 


CSE) 


Mean ＋ for App. 


App.— for Mean. 


Second Equation of Time. 
Mean + for Apparent. Apparent — for Mean. 


Argument © Mean Anomaly. 


Arg. Sun's Place. & Sign Sign] Sign | Sign | Sign |, Sign 
M. 'o 8 3 
A 
16 277 . s "mn wile. mai "wh 
g 8 45] ©] ©[3 47jÞ 37/7 43]Þ 45/3 5630 
] 8 35 1] 86 54% 41/7 43] 4113 49, 
2 8 24 16 116 45/7 43 6 373 4228 
3 8 13 2414 B86 49% 43]6 333 4427 
4 8 © 3244 1516 © 5317 43]Þ- 2913 27 26 
5 7 4 404 216 567 4216 2413 2025 
6 7 34 474 287 o 7 426 2013 12124 
7 7 200 7 5514 34/7 3% 4x16 n5j3 5 
8 7 5 4 41]7 67 4006 1002 $7,22 
9 6 50 114 47/7 9% 39] 5/2 49,21 
© 6 35 194 537 12/7 3816 0.2 42,20 
| 
6 18 274 5917 157 376 55/ 3419 
6 1 $45 $17 © 197 35)s 498 206 
5 44 42/5 1117 20/7 3415 44/2 18117 
5 26 50% 17/7 23/7 3215 3802 10116 
5 8 585 237 25/7 305 33/2 f 
4 50 "$15 287 277 2865 27/1 54 
5 4 31 135 347 297 26/5 211 46 
5 4 11 2015 3917 317 2315 215|1 38 
5 3 52 2815 4577 33/7 2155 9 30 
6 3 32 3515 5087 35% 195 37% 22 
6 311 4315 557 367% 1604 566 14 
6 2 5¹ 505 of7 377 13]4 5001 
6 2 30 5810 57 397 1004 44 58 
7 2 „6 10% 497 4 37] 49 
7 126 15/7 417 44 300 41 
19% 207 41 44 24 33] 4 
2610 247 4266 574 17 25 3 
34% 2917 430% 53/4 100 17} 2 
4110 337 4306 4904 | 1 
3 47]6 37% 4316 4513 56 0 
Sign Sign] Sign | Sign | Sign | Sign JA 
Ap. + for Me. 11 9 8 7 6 IM 
KW iz tis | 1 
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Table of the Radical Mean Places and Motions of the Moon for 
Vears and Months, Old Stile, Meridian of Greenwich, Latitud 
519: 28's N. 

1600. Julian, or Old Stile. 

Months Mean Place Sun. Me. Pl. Ap. 5 Me. Pl. K D R | 

88 — 78. 0 7 77 mg — 7 

January 17 28 7 426 8 25 55% o 55 2 

February 19 16 35 48|6 11 53 8 9 29 16 58 

March olg 25 32 86 15 o 189 27 48 : © 

April 011 14 o 1446 18 27 319 26 9 31 

| | | rage | 

May % 19 17 4506 21 48- 39 24 34 11 

June 2 7 45 50] 6 25 15 179 22 55 42 

July of 3 13 3 216 28 35 499 21 20 22 

Auguſt n 3 29 19 4 

September of 6 19 59 337 -5 30 "15/9 18 3 23 

October 2 7 25 17 ffir ies 

November of 9g 13 45 91 7 12 18 o| 9 14 49 34] 

December dio 19 2 47 -15 38 32|g9 13 14 15| 

1700. Julian, or Old Stile. 

January I 6 6. 68>. 7 * 27 37 100 5 16 44 70 

February . 1] 7 24 26 13010 1 4 235 18 5 43 

March o 3, 3 22. 3310 4 11 3315 13 36 

{April 

May () 

June (9) 

[July 5 

Auguſt 2 

September © 

| 

October o 

November o 

December o 
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— 6s 4 


\ 


—_— 


Table of the Radical Mean Places and Motions of the Moon 
for Years and Months, New Stile, Meridian of Greenwich, 


519:28/3N. 

| 1600. | Gregorian, or New Stile. 

Months. | Me. PI. Moon. Me PI. Ap. D Me. Pl. T DR 

1 G2 age * bf” 7 8. O ; s. | "is 899 
$46 21 $2 9+ 7- 294: gle 1 27 14 
5 4 49 58]6 10 46 179 29 48 44 
5 13 46 186 13 53 27]9 28 19 46 
7 2 14 24] 6 17 20 4009 26 41 17 
8 7 31 650 20 41 129 25 5 57 
9 26 96 24 8 269 23 27 28 
ne 
o 19 45 37]7 » 56 19 20 13 39 
2 13 47 4:23 9 1 35. 9 
3 13 31 137 7 43 =} | 
S420 267 32 33 9. 12. 22 a0 
6 7. 16 5 7 14 31 41g 13 46 1 


Gregorian, or New Stile. 


8 —— 


N 


nne 36: 23 es 17 ng 1 
2 29 29 4/9 29 50 515 15 40 40 
$3 20 Wwe 2 o86- of 5" 24 it 22 
— — — — 6. 
4 26 54 14110 6 25 14 5 12 33 13j 
2 11 45jlo 9 45 4605 10 57 53 
7 20 39 50/10 13 13 05 9 19 24 
8 25 57 210 16 33 345 7 44 4 
& 4 25 27/16 20 © 4q5[5- © 5 35 
rer 4 37: -$ 
1 <8 1 3 26 48 30% 5 2 51. 4 
ovember of 2 26 39 9111 35 4 0 
4 1 56 foi 3 36 1514 29 37 57 


ecember 


2 
— — 2 —_— ——_—_— 
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© I3-) 
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Table of the Mean Motion of the Moon for Julian Years | + 


— cc 


. 
Mean Mo. ) Aden Mo. Ap. ) Me. Mo. ND R 
Julian — | — | | | 
Years; s. 7: 1 Þ8, +407 4.3544 Þ&%5 07 #464 
26s © j1@ 7 $& 29} 3:19 20 a5 7 4 14 18” an; 
200 8 15 40 500 7 8 22 30 8 28 22 30 
300 6 23 31 15/10 27 33 45 1 12 33 45 
2 MEE * 2 16 45 0 5 26 45 © 
N, ng Fre 28 8s 
Vow [4 17 t 20] Sg © a5 2 ge © as... 6 
| 700 hf 24 52 53] 1 14 18 45| 7 9 28 45] 
'. Wo [80 2 43. 20.8. rn 
goo |8 10 33 45] 8 22 41 15 4 7 41 os 
1000 | 6 18 24 10 © 11 52 30 8 21 52 30 
2000 |1 6 48 200 o 23 45 o| 5 13 45 © 
zZSS0. | 7.35 v2. 3% 8... $37 IE. 02-67 
| 4000 | 2 13 36 400 1 17 30 o 10 27-0 @1 
| 2 2 Vears Gregor ian from 1600. | 
F = 8. © , 5 | 
10 9 24-39 3% 3 % $34] 4 14 $8 4! 
oo 17 19 19. 4 7 S 0 81 8 6 65 af 
gow 13 3 39" 3h7 29-27 C0408 | 1, 12 24 13 
— ——— — — — ; 
400 | 3 21 49 55 2 16 24 $7 | 5 26 35 28 
goo 1 16 29 455 6 5 29 3110 10 43 32 
Goo ai 11 9 35] 9 24 34 5] 2 24 511 37 
700 [ 5 49 25] 3 13 38 39 6 38 5g 41} 
800 7 13 39 5} 5 2 49 54|11 23 10 56 
goo [5 8 19 40) 8 21 54 28} 4 7 ag 0 
„ ww it a1 5 4 a -0« | 
b 


— 
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Table of the Mean Motion of the Moon for 99 Julian Vears. 
| — | 


ee ee eee IG ere 
| | Mean Mot.) |} Me. Mo. )'s Ap. | Me. Mo. NDR 
Julian | —_— | 
DWLEEAR__T Re” Ig.0 1% M4 
$1.52 20,42. -49.þ $442,,60" 31-2 17-,23,.3 f 
nee, 3®. &| $« 4:44:10 
nenen, 0.1 23,28 { 64:0 } 
1610 22 51 164 9 21 4 1210 9 28 12| 
— 9 * * 
* . ; | 
n „ ” 3 50 15] o 26 50 15} 
2410 4 16 54 8. 16 36-18] 3 14 12 18} 
28] 3 24 9 431 1 29. 22-21 | 6; 1 34 21 
32 9 Is. 42 32 7 12 8 24] 8 18 56 24 | 
| 36 | nn 6+ #27 } 
„„ 16] 07 4030] 1 23.409 Jo | 
144 | 2. 17 50 5911 20 26 344 41 3-33 
ros 3, 3 36] 6 28 24 36 
F 
| f or 
N i 
3521 29 16 37110 15 58 359] 9 15 46 39], 
56 7 19 59 26 | 3 28 44 42 oO 3 8 42 
60 J * & BRA >, -! 2 20 30 "£5 
„ 21 25 4| 224 16 48] 5" 7 52 48 | 
| — — 
WS 25 2 ext ©... 12. 514 3, e 26,51 þ 
72 6 12 50 42| 1 19 48 54| 10 12 36 54 
HL 464-.0--3..339- 7 —2+34 574-0 29" 5857 
805 24 16 20] © 15 27 ©o| 3 17 21 of 
| — 
3 1 I 4143 2 
bd; 4-584-140-5361 8-22 5 * 
921% 26 24 47 | 4 23 39 91 9 27 9 
96 4 17 7 36% 6 25 12| 1 26 49 12 
| | [ 5 | 
ES» 9.31 1 Ww.39 $91.0 19. 19 43 
S230 a2 71 2. 41- 19 4 113 | 
131 27 35 26 
. 
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Table of the Mean Motion of the Moon for Days. 
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PF 


a N 1 
>| Me. Mo. of the) Apogee) Node D R J 
A ' ah 
| 8. . 75 O / „ O / i ; 
rr 6 41 O A 310 
2] © 26 21 10 o 13 mf © 6 21 30 
N45 © 9 3% dg $1 3:] © 9 32 22 
Dh,, 3 a5 
552 5 52 5s] © 33 25 % i 53 7 
6.13.40 4.3. 1 6 40 6 | © 19 4 75 
213 2 14 % 46 7 22 1455 
8| 3 15 24 40 © 53 29 0. 25 25 24 
ns [45 6:4 2 o 10 © 28 36 3 
$0) {4 42 45 -Þ{ 1 6. e Ks 09 — 
11 4 24 56 25 1 13 32] © 34 57 z 
r 7 Ag 1 20 13 | © 38 8 20 
r 26 % 44 18 19 
14 6 4 28 10 1 33 35 © 44, 29 18 
150 6 17 38 45 | 1 40 1640 47 40 17 
16 7 o 49 20 2 46 57 Pb 50 50o 16 
127 3 59 611 53 39 |, ©. 54 t 1454 
I] 17 ,37 10 304 $ (9) 191 © 57 11 14 

| 0-30 33> H4 $3 7 © |. 1 o 22 13 
2 18, 23 31 401 2 13 41 I 3 33 12 
319 6 42 37 | 2 20 22']" 1 © 43 11 
22) % 19 52 gol 2 27, 4| 1 9. 54191 
£3180; 3-,3' 204 - 33 :: 45d: 3: 43 $5 | 9! 
24 10 16 14 o©o| 2 40 26| 1 16 1518 

| 25] 10 29 24 36| 2 47 IT 19 20 71 
26] 31 12 35 11] 2 53 46% % 22 37 6 
2711 25 45 463 Nee 27 47] 
eee $0 28] 3 7 | 1 28 58 4 
89] fo 22 6 56 3 13 5161 32 97 3 
r 20 32 | 1 35 19 23 
31 45; 3 He = ae AS: 38 39 | 1 


In Leap Year for one Day ſooner in Jan. and Feb. both Stiles, 


cus. St. Anti 


— 


( 5 ) 


.. ˙ ˙ “Wm More for . 


» hor; ſemi- 


— — — 


* 5 n 
3 Me Mo dap ) KR Me Mo p ap. DN R 
: 0 75 + is mh - a; „ 1 /1|Sec. added to 
z „ 08 #irh 44 41] 44 #1) M * 4 MMM # "mm 75, „„ 
5 — ” iin ting mmm nn 8 nn min OTF 77 dia m. on alt. 
| FI 
N 38) 
4 1] © 32 56ſo 17lo 8131/17 1 100 8 384 
: 21 5 5310 33j0 16132117 34 78 5414 1 
; | 3] + 33 49% 500 2433/18 7 3] 9 1104 22 
£ 4| 2 11 40% 7% 32134118 39 59] 9 2804 39 
* 52 4 42]! 24% 400359 12 559 4% 38 
. 6 3 17 391 400 4803/19 45 52110 24 46 
1 »| 3 59 35/1 57% 560370 18 48110 19/4 54 
þ 84 23 32Þ 1441 4438/20 51 45/10 3515 2 
| gf 4 56 28/ 30/1 11039|21 24 4illo 525 10 
10 5 29 25/ 4711 19140/21 57 3811 80/5 18 
| 0 5 2 2103 4% 271422 30 341 255 26 
120 6 35 18]3 21½ 350423 3 3½ 4256 34 
13 7 8 1413 37 43143]23 30 2/1 59/5 42 
7 41 1003 54% 5104404 9 242 16j5 50 
8 14 74 fü 590454 42 20012 325 57 
8 47 314 27]2 7]4|z5 15 1712 406 5 
9 20 O4 44/2 15147/25 48 1313 506 23 
9 52 566 1ſ2 2304806 21 1013 2216 21 
10 25, 5356 1802 31049026 54 613 39/6 29 
10 58 4956 3412 39150127 27 3/113 561 37 
11 31 46j5 51/2 4715127 59 5914 1316 45 
12 4 2266 Blz g5f52128 32 56114 g3oſb 53 
12 37 39Þ 243 315329 5 52114 4607p „ 
13 10 356 4113 11/54/29 38 4915s 27 9 
13 43 31ÞÞ 5813 19155130 11 45/15 197 17 
14 16 287 15/3 2756030 44 4215 367 25 
14 49 24½ 3113 3457/31 27 3815 537 33 
15 22 21þ7 4803 420580831 50 3416 107 41 
15 55 176 513 cofcgf32 23 31116 267 49 
16 28 14]8 210; 58060032 56 27116 437 57 
| 
| 
| k 
| + 


— — — — — — 
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donor = 0 


— - 1 8 — 3 
— | 


wh www f 
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J. Equation of the Moon, or Annual Equation, &c.- - 
Argument cf the Sun's Mean Ancmaly, 

©| Signs © | Stews oh _ Signs 2 ol 
| M 9 | Apo. Node » | Apo. | Node. D Apo. NodeſM| 
A +} <Þ 4 | +I 
If min mn „, „A A4 „7 mo H\ 7 1 
oo oo © o ο ©Olg 3312 4604 36 9 4422 16 1130 

10 12} o 260 106 4313 94 44] 9 502 3058 6129] 

2/0 24] © $310 195 530/13 3244 52] 9 56022 4418 11 28 

30 35] 1 190 296 3ʃ13 55/5 cio 2j22 5818 16127 

40 47] 1 47% 396 13]14 185 flio 7 z3 1048 20126 
500 58] 2 13% 486 23014 400 16/10 13/23 2118 2425 
6% 10} 2 golo 576 33]i5 ils 24010 1803 33ʃ8 28024 
12412 / 3 6/1 76 43115 225 3200 23/23 448 32 23 

811 33] 3 321 176 52115 435 40010 28023 558 36122 
gil 443 59 267 116 45 48/10 33124 518 4021 
101 4 250¹ 2 10 16 28 56 10 38024 148 44120 
11/2 74 $11 457 19416 475 3110 4224 2418 47 19 
1252 1865 17/1 557 287 76 1010 46/24 338 goſ18 
13/2 30] 5 43]2 47 37117 276 170% goſz4 428 5317 
14/2 41] 6 902 14% 45117 47/6 2400 54124 5858 50116 
15{2 52] 6 352 2217 54118 26 310 57124 5718 L, 
i613 37 iz 3213 3118 26ſ6 38011 oſ25 6/9 214 
173 14] 7 27 416 18 4416 451 325 1209, 3113 
1803 25! 7 c2j2 5cg3 199 36 52z 1 25 189 %% 
1913 3c] 8 1802 5513 27/19 2665 581 8025 25 811 
203 47] 8 44/3 J. 39/7 Eee 
216 58] g 9/3 1718 43/9 57% 10/1 13125 3519 12] 9 
22/4 99 3313 n 147 161 15/Z5 3919 13] 8 
2314 20] 9g 5813 35/8 58/0 30/7 22111 17/25 4419 I5] 7 
244 310% 22/3 44/9 5/0 467 28011 19]25 48% 16/6 
2514 42010 47 5219 12¼ 1 2/7 34/11 21126 gig 17} 5 
264 52111 1114 1% 1921 187 39/1 2225 5319 181 4 
275 2011 35/4 10% 25121 33/7 45/1 235 35 19] 3 
28/5 1311 694 189 32/21 145 51 24125 57 20 2 
29 5 23112 22j4 27% 380222 2/7 5e 25125 59 20 
30'5 3312 46|4 369 44122 168 1/1 25 26 92.2100 
CEL 
¹ » | Apo. Node D } Apo. | Node. » | Apo. Node M 
Al Signs 11: Sign 10 | vigns 9 A 
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I. Equation of the Moon, or Annual Equation, &c. 
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Argument of the Sun's Mean Anomaly. 
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II. Equation of the Moon, or I. Semi-annual. III. Equat. ol 
4 — — ] the Moon. 
Argument Sun from the Moon's Apogee, Arg. ©a') 
510 u Pixs 3 25 2. Siga 3. Sign 4. Sign 5, 2 242 
e 6 718 
2 "# 717 7 / m1 im 7 * Fir 
ol ooj; i 7% 304 2714 35120] of c|41] [30 
io 135 Iijs 110 1804 33/4 3329 1 2{41[40|29} 
20 2615 175 $5 „ 38/4 27/280 2| 2142139125 
319 35 23/4 38 — f 434 21271 3 5143138127 
14% 525 30/4 go 1804 714 15/260 4} 7144137]-6 
511 46 35% 442 30% 52/4 825 5| 8144/36/25 
6/1 16/5 ant - 371P 41/4 5914 1124] © EE 3524 
mn JON neee $25 243 $4123] 7111145134123 
1 495 4714 21! 595 4433 4012] *113]46135122 
vos «Sod -- $00 INC... 53 713 3%Þ1] 91514-13112 
IC; 2 35 5314 4%1 2515 1013 30]2o[10}16140130]20 
1122 145 5533 $511 3005 1233 21019/118647 /29ʃ19 
122 2505 573 40% 475 1413 12118/120977 28018 
13322 385 5863 3711 595 1513 2[i7112121147[20017 
1402 75 5903 272 1ofs 162 521004] 22 47810 
C 35765 5 17% 205 1012 eee 
| J | —— — i 
103 75 895 712 30/5 162 321464722014 
173 2715 500 9742 495 1542 2[12117;20([47]21113 
1833 2715 532 49/2 505 15/2 12 1218281701912 
1333 3665 572 35/2 $595 14]/2 2119294718011 
K 466 5e 2413 95 131 5 oz zog 
— | — — — — —  — — 
$313" "04s 5402 133 1805 12z1t 40 92103046015 c 
221 35 5102 23 275 1ojt 30 82213340013] 8 
234 125 49% 513 363 78 29] 72313445111] 7 
244 207 46/1 49/3 805 411 8] 643551006 
2% 2% 4% 293 565 olo 57] 5|z5|36)44| t| 5 
N. : P M 
2614 30/5 38/1 184 314 57/0 46 4291371+3} 7] 4 
274 135 331! 6 4 1 5200 35] 312713*143} 5] 3 
2814 505 230 544 16/4 480 24 2128139142] 3] 2 
2944 575 230 42/4 2204 440 12] 1020 2| 1 
365 45 179 394 27/4 39% of 03/41/41 of c 
+t]1+|[+[+]-]- 51413 
— 5 +|+|T 
Sign 11;5ig. 10 Sig. 9. Sign 8. Sign 7. Sign 6. 111100 9 
| | | | | 
1388 +++ | | 
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IV. Equa, Moon. | V. Equa. Moon. | VL Equa. Moon, | 
Arg. 2 Ga“) N—O©|Mean Evec. + 2 ) Me. Evec. +O© Mean | 
a” D Ap. Anom. Anom. 
o +]: 1% e IT +} +ſ 1% 772 | 
5 —7 —8 —6 —7 —8 —56 —7 —8 — 
LS "wr a wo wo of 
of Oo 36 52] - © 421 14 oſt - 12]ſ2 5/30 
„ 9 4441 14 21 152 7129 
HO CY 4611 15 $1! . 17j2 *[28| 
gm NN 39 TIL: 4 i 8 77 3915 N27 
4] 4 33 54] C 4801 10 101 2102 1026 
5] 5] 34 34] £ 91 16 1211 232 11ſ25 
6] 6 35 55 10 coſt 17 1511 2512 12124 
| >| 36 551 12 1 1711 272 13123 
88 8] 36 56 13 TH 10 201 292 14|22 
of of 37 56) 14 531 18 22]l 3112 1521 
10] 10] 38 560 15 5441 19 2511 33[/2 10020 
11] 110 35 3 5511 19 : 27]1 35/2 17/19 
Iz] 121 39 en 20 3011 712 1718 
13 13] 4% 57] 1 57] 200 321 3902 180177 
14 14] 41 580 20 581 21 351 412 196 
151 15] 42 580 21 591 21 3711 43/2 20015 
16] 16] 42 58] 22/1 1 22 4001 4442 20.14 
1 1743 58] - 23/1 1 We 4211 462 21113 
18] 18] 44 59) 2511 ms Is 441 462 21112 
N 19 19% 45} 59] 201 31 23 4/1 4g] 2201 
20] 20 46 590 2811 41 23 4911 51/2 22110 
*. 71 * 2 6508 | 
21] 21] 47 FG] 301 on "BJ 5111 522 230 9 
22] 22 47 59] 311 61 24 5441 $542 23] 8 
23] 23] 45! of 33/1 7! 24 Fest 5g] 24/7 
24 24| 451 of 3511 © 591 572 24} 6 
25 25 4901 © 3611 off 2411 111 58/2 24] 5 
26] 26] 491 of 37jl icht 25 302 02 241 4 
27] 27] 501 of 38/1 111 -25j1 512 102 25 3 
28] 28] 5111 of 4001 121 2511 812 3]2 2512 
5 29] 29] 5111 of 4111 13/1 25] 1of2 42 25] 1 
30] 30 52/1 o 4211 1441 25/1 1242 52 25 © 
5 14 +]3 +|5 +{4 TB 5 4K + + 
| j1I—lo—=9 —11—10 —9 —11 —flo P _ 
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VII. Equation of the Moon. 


Arg. Me. Evec, — O Me. Anom. 


| nn ow oC lO we |] wr ow XxOO OC 


O 882 


* 


10 - a wo 


© © 
| + 


„ 


* 
— 
— 


000030030830 


2 + 
2 
* HH 
1 28 
1 2 
1 30 
1 91 
12 
3 


mf by od — — 


J 


my Wy at bu by 


| N - th» 2) 2 2 ow CO | & = 


ll bu — wet — 


O + 


1. 


| 
| 
| 


EIS 


d] 


— 


d 


686) 


—— — 


— — | | 
VIII. Mean Elliptic Equation of the Moon's Centre according 
to .05505, the mean Eccentricity of the Orbit to Radius 1; 
or of .55050 Eccentricity to Semi-tranſverſe 10c0000, or 
mean Diitance a“ Eearth. 
Argument J's corrected Anomaly. 
Signs o. Signs 8 ys 2. [Signs 3. Signs 4. [Signs 5. 
| cf> ” HD f, 1D ' 1M / mp ' MO / „ 
oſo o oz 58 3ols 16 2516 17 445 38 54j3 21 6130 
io 6113 3 5855 19 53% 18 85 35 4903 15 7129 
200 22 223 9 24/5 23 1416 18 25 32 363 9 4430 
30 18 323 14 40% 26 3006 18 355 29 1733 2 57027 
40 24 423 20 5Fis5 29 4266 18 3805 25 50% 56 44/20 
| clo 30 523 25 215 32 4806 18 345 22 18|2 50 29025 
| 60 37 213 30 35/5 35 4816 18 2315 18 392 44 1112 
| jo 43 1113 35 456 38 43% 18 5/56 14 53/2 37 48/23 
80 49 1913 40 5ljs 41 32] 17 4115 11 1ij2 31 23(22 
9% 55 2013 45 5556 44 15% 17 of 7 332 24 53/21 
uo 1 323 $92 5515 46 5316 16 305 2 57]2 18 2ofzo 
Irin 7 38/3 55'59\5. 49 25% 15 45/4 58 46% 11 45010 
1211 43 434 435 $51 511Þ 14 52/4 54 29/2. 5 Olts 
11301 19 46/4 5 325 54 116 13 52/4 50 51 58 25117 
141 25 484 10 1715 56 24/6 12 444 45 35/1 51 4/16 
15 31 5% 14 576 $8 32]6 11 3004 49 591 4+ 5415 
161 37 504 19 346 o 34/0 10 gj4 36 18h 38 5114 
171 43 4804 24 766 2 296 8 4004 31 31] 31 14413 
81 49 45/4 28 30/6 4 186 7 5|4 20 27/1 24 21112 
19% 55 40/4 33 06 6 26 5 23/4 21 39/1 17 26/11 
2012 1334 37 206 7 3806 3 344 16 3401 IO 29 10 
e = 
2% 7 24/4 41 366. 9 86 1 37/4 11 251 3 3109 
222 13 144 45 476 10 325 59 3444 6 go 56 30 8 
23.2 ig 14 49 536 11 495 57 234 0 49Þ 49 29 7 
24j2 24 46/4 $53 55/6 13 qi 55 Gjz3 55 240 42 280 6 
252 30 30 4 57 53j6 14 45 52 43 49 520 35 25| 5 
26/2 36 11/5 1 45/6 15 115 50 1003 44 1/0 28 21] 4 
27j2 41 4915 5 326 15 52!5 47 323 38 36% 21 16] 3 
2802 47 2015 9 I5/6 16 36/5 44 4603 32 5000 14 11] 2 
29/2 53 58/5 12 526 17 13/5 41 53j3 27 % 7 61 
zo[z 58 30/5 16 25'6 17 445 38 54/3 21 6/0 o of © 
er 
Signs 11. [Signs 10. Signs 9. Signs 8. Signs 7. Signs 6. 
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IX. Evec. Equa. of the Moon, or ſec. Equa. of the Moon's Cent. 


Argument true Evection 


- -_— 


2 


mean Equation oft the Moon's 
centre according to its Title. 


Signs Signs 1 4 Sien⸗ 3.][Signs 4. Zigns 5. 
O15 ' MO / 0 5 mo / 7 0 / . i 
oo o o % 39 421 9g 51 20 2511 10 90 40 431/30 
io 1 240. 40 5 1 9 490% 20 261 9 27% 39 3029 
200 2 470 42 5% 10 zol 20 251 8 4410 38 1628 
3 4 10% 43 161 11 1001 20 221 7 59 37 O27 
e 5 3300 44 26% 11 49% 20 1801 7 1300 35 43|26 
jo 6 560 '45 35 1 12 25/1 20 131 6 2710+ 34, 2vlz; 
6] 8 19jo 46 431 13 11 20 68 5 3900 33 934 
7/9 9 42% 4 500 13 3511 19 581 4 49% 31 53 
ddſo 11 40 48 561 14 8/1 19 4801 3 589 30 3222 
9 12 26'0 50 111 14 4goll 19 37% 3 $58 29 13/21 
100 13 480 51 6j1 15 11/1 19 24ſt 2 11 27.53[20 
110 is 100 52 101 15 40% 1g iot 1 170. 26 33119 
120 16 300 53 131 16 8/1 18 54/1 o 3100 25 1218 
130 17 5% 54 15/1 16 34/1 18 370 59 24/0 23 5017 
1410 19 1110 55 1801 16 59% 18 180 58 2000 22 28/16 
150 20 3110 50 1611 17 221 17 500 57 270 21 215 
1600 21510 57 Io 17 44% 17 37% 56 270 19 44014 
1710 23 1119 58 14 18 l 17 140 55 2000 18 21113 
18/0 24 300 59 1111 18 24/ 16 50% 54 24% 16 57 * 
1900 25 491 0 7j1 18 42/1 16 240 53 2100 15 33ʃ11 
20/0 27 71 1 2 18 50% 15 57% 52 160 14 1010 
% 28 25/1 1 5611. 19 14] 15 280 51 11] 12 47]9 
220 29 431 2 48r 19 281 14 586 50 50 11 22] 8 
230 31 oft 3 431 19 400 14 270 48 999 9 57] 7 
24/0 32 161 4 310. 19 gilt 13 940 47 Fo OO 8 32] 6 
28% 33 321 5 200% 20 d 13 20% 46 4iſo 7 7 5 
2600 34 471 © B81 20 B81 12 440 45 300 5 42 4 
27% 36 21 6 55/1 20 14]4 12 7'o 44 21 4 18] 3 
28/0 37 161 7 40/1 20 19% 11 290 43 9 2 520 2 
zo 38 29/1 . 8 24/1 20 231 10 50% 41 5600 1 261 
zoſo 39 421 9 7jt 20 25j1 10 go 40 430 o of © 

* e- + * * 
Signs 11. Signs 10. Signs 9. Zigns S. Signs 7. Signs 6 
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x. Compound Variation Equation of the Moon. 


Aroument of th» Moon eguated from the O's true Place. 


5 Signs 5 — 2. Signs * 4.\51gns 5. 15 
e ä I 5 3 
| / 111 4 Hit ”m 1 1 "1 
o| © 0132 19031 12] 2 0134 26134 3.30 
{i 1932 50030 293 19/35 4133 21029 
242 3833 3029 4304 36/35 4932 30,28 
3] 3 7134 18 85/5 736 1331 4917 
445 15634 2928 7 1536 4330 5529 
Fee 825 
r oz 1925 2219 1837 37% 9 14% 
719 ein 4925 en 4 3% | 17123 
810 2235 58024 30% 2 1938 1927 19122 
1 911 38136 14/23 31013 34138 36026 19210 
10012 3336 27022 20014 48138 9 725 1220 
111114 736 37/21 7140 12039 3124 13019 
12015 20036 4420 23117 15139 12123 7118, 
13016 31136 49019 1718 27439 18022 01170 
1447 _ 40136 5018 1019 3739 2220 51ſ16 
15118 48136 49117 1020 46139 21019 415 
16019 5536 45115 50021 53139 20ji 5 29014 
17/21 0136 38014 38022 5839 15117 16113 
118,22 436 29113 26024 1139 8116 112 
119/23 7136 1712 13/25 3138 58014 4411 
2024 836 310 59120 4138 45113 2710] 
125 7135 499 - 437 4439 + 29932 9 9 
2226 4135 268 2728 238 1000 518 
23/26 5935 37 10128 35837 499 347 
(24/27 5434 38005 -:52129 5237, 25 8 12 of 
2528 41/34 10 4 343» 43136 58|6 51 5 
126129 2933 39 3 1631 3236 285 304 
e er 5 55] 4 4 
28/30 53132 30 © 38133 4135 200 2 400 2 
29131 3931 52] 0 — 41133 4634 43%. 23] 1 
30032 1931 12 2 0134 26034 o a 
a/ Signs 11. Signs 10. Signs 9. Signs 8 Signs 7 Signs 6. a“ 
O O. 
| 
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* - — 


— * 


Equa. of me. Vari.) 
in OR. or me. Diſt. Correction of Mean Variation. 
O to Vari. in Peng. 
& Apo. Ox Earth 


— * 


Argum. D ©- Argument © Mean Anomaly. 
© | I 2 1 1 2 by I - | 
il flew 4 CD EET 4 | 
6 7 | 8 Dec. Dec. Dec. Dec. | Dec. Dee. 
+ | +} +] |__| x15-|Xxrs.|Xrs.} Xrs. rs. Xrs. 
7 | it 7 „% a oy ne — . 
of © 10% jI07 30 0.92 . 80 48 02 +49 86 30 3 
| 1] 4 ich 105 29 11-92 [-80 |.47 | .0o | 51 | 87 9 
2| 8 111 103 |28] 2.92 |.79 |.45 | -02 .c2 | .88 28 
3] 13 [112 101 27 392 [78 |.43 | 04 54 89 27 
4018 1498 26 49 |.77 |.41 | „0% +55 | +89 26 
| 5] 22 [116 | 95 251 51-92 [-70 |.404 <7 56 .go 27 
6 26 17 92 240.9175 38 09] 58 | +91 24 
7 30 19 | 89 [23] 7]-91 [-74 |-36 | 10 59 91 23 
| 8] 34 2086 [22] 3|.91 1.73 |-35 12 60 92 22 
| 9] 38 |121 | 33 [27] 91-91 1-72 [434 | +14 62 92 [2 
19 42 [122 80 29ʃ192 [.71 [33 .16 | .63 93 20 
11] 46 123 77 1911/90 1.70 31 9 05 94 19 
12 50 [123 | 741/12. 90 [09 30 +20 66 95 j18 
13] 54 124 70 [17113] -90 68 1.2814 .21 68 95 17 
14] 58 12466 1014.89 [.67 [26 +22 69 96 16 
15] 62 [124 |_02 150889 66 [25 [24 70 | -96 1 
16] 66 1124 | 58 [14110 89 |-65 24 | +25 74 97 14 
17] 70 [124 | 54 1317.88 j.04 |.22 27 72 97 113 
18] 74 [123 | 50 1218.88 63 [. 20 28 73 | 97 2 
19] 77 123 46 [11/19] ,88 62 18 30 75 -98, 11 
200 80 122 | 42 [10120] .87 61 17 32776 8 12 
21 83 121 38 21.87 |.00 16 34 77 99 9 
22] 86 120 34 | $122].86 5914 36 78 .99 8 
123] 89 [119 | 30 | 7/23].86 |-53 [12 7 29 | 99 12 
24| 92 |117 26 | 6124}.85 57 ]-10 39 80 99 6 
25] 95 116 | 22 | 5|25}.85 |-55 [-29 41 81 | 1.00 | 5 
126] g8 [114 | 18 | 4/26].84 |-54 |-07 [42 82 | 1.00 | 4 
271101 {112 | 14 3427 8352 05 +43 83 | 1-00 | 3 
[2 103 |111 | 9 | 2j28].82 |-51 [-04 | +45 84 | 1.00 | 2 
290105 109 4 | 1]29Þ-81 |-50 [+03 } +47 85 | 1.60 | 1 
3<|to7 [107 | © | c|zo] .80 |-48 |.02 | +49 86 | 1.00 | © 
| * — 
75 Kh 8 jos xrs.|xrs.| Xrs. | Xrs * 
8 
eren | 
SFE4t 3] 1 


8 


15 


ary I" I * 


8 * 


— 


Mean Reduction Equa. of Moon's Latitude at the mean Incli- 
the Moon to the 2 nation of her Orbit. 
— 2 
Arg. yin orb a & 1 Equa. Arg. Þ in her Orbit 2 & 1 equated. 
| lo. = |o. N. A. u. N. A. z. N. A 
— 6. S. A. 7. 8. A.] 8. S. A. 
* 4 / T7 27 / we I w_” 5 * 1Þ 
0 006 os 2430 oo © 92 34 44 27 2130 
16 146 gf5- 55/9] % 5 222 38 424 29 42129 
200 295 150/56 47/280 2% 10 45 43 184 32 10128 
3% 4% 21; 39027] 3% 16 7% 47 $94 34 4927 
40 5866 2745 39j26| 4% 21 2917 52 204 37 19126 
51 1426 325 20ſ25 5% 26 51/2 56 45½ 39 29/25 
— — — — — — — 
661 2616 375 1914 610 32 123 1 94 41 4324 
als. 4% 4 ß ofz3] z, 37 32] 5 2814 43 525 
81 55 4514 50122 80 42 5213 9 45/4 45 50/22 
giz os 48 32 90 48 113 13 5534 47 55/21 
10/2 23/6 5114 2821010 53 2913 18 714 49 49/20 
Fri 3716 544 1719 1110 58 463 22 124 5! 3619 
122 5066 564 51801201 4 313 26 144 53 1918 
133 36 5753 33/7317 1803 30 134 54 57117 
143 166 573 41161141 14 323 34 74 56 2916 
13 296 $73 295/1501 19 44.3 37 58/4 57 5015 
163 416 $713 16114 }16|1 24 25 41 444 59 16014 
is 346 573 Jeet 30 4Þ 45 275 „ 3913 
18/4 566 -562 50012180 35 126 49 515 1 42112 
194 176 542 3711111911 40 1803 52 405 2 46011 
204 2816 5102 23100200 45 22863 56 10056 3 45110 
21/4 396 492 992 ½ 50 256 59 355 4 39 9 
24 30% 4518. 55, 812211 55 2514 2 576 5 2718 
2315 6. 41j1 41] 71232 0 23þ 6-135 6 97 
245 1066 37;! 26 6124/2 5 1904 9 265 6 45 6 
255 2006 3211 12] 512512 19 134 12 335 7 16] 5 
265 300 2719 58 40 is 4+ "5 375 7 424 
2705 3916 2 (43, 3/27 19 53418 355 8 2] 3 
285 476 1500 29 2128/2 24 39]4 21 295 8 16] 2 
2905 5506 go 14] 129 29 230 24 185 8 241 
3005 26 210 of © 30/2 34 41427 25 8 28| © 
— — — —— ; — — — — 
_ + + 4 11. S. D.j10. S. P. p. 8. D. 
81. $110. „ 34 is - N. D.] 4. N. D. 3. N. D. 
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I. Equation of the Moon's mean to 
her true Latitude for the preſent 
Inclina ion of ker Orbit. 


Arg, 2 J O tnc toregoing Arg. 


— 


— 


II. Equa. of the ) 's mean to 
her true Lat. for the preſen! 
from me. Incli. of ker Orb. 


Arg. I. Equa. —© me. Ano 


Þ. N. A. [i. N. A. z. N. A. 0. J. 7. 8. z. 8. 

5. S. A.. S. A.] 8. S. A. 6. N.] 7. NS. N.| | 

| | $4 H / ” / pany 7. MH H #4 
0:40:06 $489: ee 14 24 30 
ere $:14$;99 1/7 GO 149 & F 1g 24 29 
20 18 | 4 41 | 7 49 280 2 I 14 24 [2b] 
3]9 28 |4 49 |7 54 27] 3] 1 15 | 24 (27 
40 37 [4 57 |7 58 604] 2 | 15 | 25 26 
50 46 „ 4 [8 2 |25}-5} 2 | 15 | 25 a5 
Fern {3-8 8 24466 3 16 25 — 
711. 4]5 9 [8 9 e neee e 
n i27 | 3 13; jak 4 15 26 22 
911. 33if4:34 1% i; REM 4 17 26 [21 
101 32 |5 41 |8 20 fz 5 17 26 [zo 
TINY 41 5 43 | 3 23 19 5 18 26 [ig 
1241 50 | 5 5s | 8 26 f 6 18 26 [td 
$3712 30 f6: » j}8 ILAN 0 18 26 f. 
I4 | 2 8 6 9 8 31 1614) 7 19 | 27 lie 
152 17 6 16 |8 34 [ 7 | 19 27 15 
1662 26 |6 22 48 36 14016 8 19 27 f. 
17 2 35 |6 29 |8 39 317 8 | 20 27 13 
182 44 6 34 | 38 41 fle 9 20 | 27 jb2 
$42. $36; 448 }þ$ 40: Joanne: 326: 27-200 
203 1 |6 47 8 44 liz 10 | 21 27 10 
21| 3 10 6 53 8 46 [9420 10 * 27 
223 19 6 59 8 47 8022 11 21 2& | © 
S113 7 [7 4 1 B 4&8 | 22 287 
243 35 [7 108 49 424 12 22 28 e 
25 3-44 7 15 8 50 Fs 12 . 
26 3 52 7 218 51 | 4J26| 13 22 | 28 4 
274 1 |7 26 |8 52 | 3]z7} 13 23 28 [0 
io WE. IE ME WW: 4 WM 23 28 [| 2 
. 2 22 ＋ 
2 „ eee 030 14 24 238 16 

* | 1 — — py, 
11. S. D. 10. 8. D. 9. S. D. 11. N. 10. N. o. N. 

5. N. D.] 4. N. D. 3. N. D. 5. 8. 4. 8. 3. 8. 


— - 
_ 


— — 


| | 

Mean horizontal Parallax of the Moon in Syzi- 

gies Eccentricity 55050 to the Middle State of 
her Orbit her me. diſt. fr. Earth 1009000 


I. Equation of 
Moon's 
hor. Paral. 


I. Equation of the 


Moon's horizon- 
tal Parallax. 


Argument D Anomaly 7 times equated. Arg. me. Evec.] Arg. D a7 O 
Sig. 5 2 Jos tap es 2 ww 
3 R 
77 7 AE $4.48 £8 7 
3754 21101545 30 
3734 20 001646 20 
37.55 9] 0| 17 | 46 25 
3755 181 01847 [2 
3855 18119 | 47 2 
3255 5 17] 23 | 20 | 48 23 
54 3855 1712149 24 
54 3855 16 1 22 50 j2} 
54 3855 is |. 2|23| 51 |: 
54 3955 Is | 2 | 24 | 52 |? 
39155 14 | 2 | 25 | 52 20 
3955 144 226 | 53 1 
40,55 134312754 | 
40155 I2| 3|28| 54 |1 
42155 c4. 1" 41} 29 | $$ Þ 
42155 lo | 430 | 55 |! 
42155 9 53156 |! 
4355 953356 
4455 n 
45155 726643657 |! 
46155 613 77 331.57 i 
47155 5213858 
48055 5 8 | 39 | 58 
4955 49140 58 
5955 14104159 
51155 3110 | 41 | 59 
5 $2155 3] 11 | 42 | 59 
45 3355 2 | 12 | 43 | 60 
45 $5155 1 | 13 | 43 | 60 
45 8655 1 | 14 | 44 | 60 
45 57155 —© |_15 | 45 | 60 
7+ 9 —11— [C0 — 
Sig. 11 Sig. 10 +13 +1 — 4 —3 — 


3 0 25 * 
* 
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A Catalogue of Hiſtorical Eclipſes of the 


Sun 


Before Chriſt. 
754, July 5. 


721, March 19. 
585, May 28. 
523, July 16. 


502, Nov. 19. 
491, April 25. 


463, April zo. 
431, Aug. 3. 
413, Aug. 27. 


394, Aug. 14. 


168, June 21. 


Sins Chrift. 
59, April zo. 


237, April 12. 


306, July 27. 


and Moon from Ricciolus. 


But April 21 by an old calendar; an eclipſe of 
the Sun. Rome began to be built. 
11 
A total eclipſe of the Moon ;—Aſſyrian empire 
ended -Baby lonian eſtabliſhed. 


Eclipſe of the Sun predicted by Thales ;-—Peace 
enſued betwixt the Medes and the Lydians. 


An eclipſe of the Moon, followed by the death 
of Cambyſes. 


An eclipſe of the Moon, followed by the 
ſlaughter of the Sabines, and the death of 
Valerius Publicola. 


An eclipſe of the Moon, followed by a great 


famine at Rome, and the beginning of the 
Peloponneſian war. a 


An eclipſe of the Sun; — War with the Perſians 
talling off from the Egyptians. 


A total eclipſe of the Sun A comet and plague 
at Athens. 


A total eclipſe of the Moon ;—Nicias and his 
ſhip deitroyed at Syracuſe. 


An eclipſe of the Sun;—The Perſians beat 


Conon in a ſea engagement. 


A total eclipſe of the Moon ;—Next day Per- 
ſius, King of Macedonia, conquered by Paulus 
Emilius. / 


An eclipſe of the Sun ;—A prodigy for the 
death of Agrippinus by Nero. | 


A total eclipſe of the Sun ;—Reign of the Gor- 
diani ;—Short perſecution of the Chriſtians. 


An eclipſe of the Sun ;—Stars appeared, and the 
Emperor Con tantius died. 
A great 


— 
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Since Chrift, | . a 
840, May 4. A great eclipſe of the Sun ;—Lewis the Pious 


died fix months after, 


1009» An eclipſe of the Sun; Jeruſalem taken by the 
Saracens. 


11 33, Aug. 2. A great eclipſe of the Sun, Stars are ſcen:— 
EPs A ſchiſm in the church by two Popes at 
once, ; 


1493. An eclipſe of the Sun; Chriſtopher Columbus 
INT drove on the iſland of Jamaica, where he was 
refuſed proviſions ; but he affrighted the in- 

habitants by his prediction of this eclipſe, 
threatening them with a plague, of which 

that was to be the token, and ſo got ſupplied. 


nN 


S a conſiderable ſpace of time has elapſed ſince my firſt pro- 
poſing to publiſh the foregoing eesti, and all the eclipſes 
calculated therein are paſt, though the precepts and mode of cal- 
culation will ever remain the ſame, yet I flatter myſelf that the 
calculation of two or three eclipſes, which are ſtill to happen, 
may be acceptable to my readers. I ſhall here prefent them with 
a correct computation of two very remarkable lunar eclipſes, 
which will be viſible in England in the courſe of this preſent 
year, 1783 and alſo with the calculation of a folar eclipſe, which 
will happen in the year 1793, and will be the greateſt that 
will be (een in England during the remaining part of this century. 
And ſhall firſt begin with a total eclipſe of the Moon, which will 
happen on Wedneſday, the 18th of March, 1783, as follows : 


H. M. S. 
Ecliptic $ mean time in the meridian of Greenwich 9 27 53 


0 / ” 
Sun's longitude then - - FX 28 14 26 
Moon in the ecliptic - - Wm 28 11 26 
Moon's latitude, S. A. - — 2 $56 

| D. H. M. 8. 

Ecliptic g mean time at Green. 1783, March 18 9 27 53 
Equation of apparent time, — - 8 11 
Ecliptic & apparent time at Greenwich += 18 9 19 42 
Double reduction in time — - - 23 
Ap arent time of the middle of echpſe, Green. 18 9g 19 19 
Diference of merid. between Green. and Nor. + 5 ©0 
Apparent time of the middle at Norwich = --18 9 24 19 
Horizontal parallax Þ - - 57 59 
Ditto of the Sun - - - 2 
Sum - - — 58 & 
Sun's ſemi-diameter, — - - 1H 10 
Semi-diameter of the earth's ſhadow - 41 58 
Add - - 50 
Semi-diam. of the earth's ſnadow and atmoſphe 42 48 
Semi- diameter of the Moon, + * 15 57 
Sum - - — f 8 45 
Neareſt approach cent. of Mcon and earth's ſhad.— 8.9 59 
Parts deſicient . N - 5 81 50 

; igits 


©” OS — ww 
= 4 
oy 


| 
} 
' 
| 
| 


Digits eclipſed | — - „ 


„ 
Motion of ſemi- duration - - 3520 
| | H. M. 8. 
Time of ditto 3 » 1 51 44 
d n | PETIT OM 6 
Motion of ſemi-duration in total darkneſs - 1359 
Time of ditto x C 43 8 
g: H. M. s. H. NM. 8. 


Ap. time middle 9 24 19 _ App. time middle 9 24 19 
Semi-dur.—and+ 1 51 44 Semi-dur. in dark. 43 8 
Begin 7 32 35 Begin - 8 41 11 
ne 11 Gs dog 10-0508 


Whence the apparent Time at Norwich, March 18th, 1783. 


| | = H. M. 8. 
Beginning of the eclipſe - - + 00. 38 
Beginning of total darkneſs - - „ 

Middle of the eclipſe - - 9 24 19 
Ecliptic & at Norwich - - 9 24 42 
End of total darkneſs - - | 0 
End of the eclipſe - - SE ye S 
8 : & 14/4 
Digits eclipſed - — 21 2 
Duration of total darkneſs = - 1 26 16 
Duration of the eclipſe - _ += — 3 43 28 


A Calculation of a Lunar Eclipſe, which will happen on Wed- 
neſday, the 1oth of September, 1783, for the Meridian of 


Norwich. 
F H. M. 8. 
Ecliptic 8 mean time at Greenwich 11 38 20 
f : o FIT? © 
Sun's longitude then uy - Ww 18 3 13 
Moon in the ecliptic - - N 10 3 1ny 
Moon's latitude, S. D. — - 2 24 
Ecliptic $ mean time at Greenwich - 11 38 20 
Equation of apparent time, + 2 14 - 3 23 
Ecliptic g apparent time at Greenwich - 11 41 43 


Double reduction in time, + 4 — | 
Apparent time of the middle eclipſe at Greenwich 11 42 3 


Diff. of merid. between Greenwich and Norwich, + 3 8 
Apparent 


46979 


O / n 
App. time of the middle of the eclipſe at N 11 47 3 
Horizontal parallax of the Moon 59 13 
Ditto of the Sun - - £0 
Sum - - - 59 22 
Sun's ſemi-diameter, — - - is 59 
Semi-diameter of the earth's ſhadow - - 43 23 
Add - " 50 
Semi-diameter of the earth's ſhadow and atmoſphere 44 13 
Semi-diameter of the Moon add 16 9 
Sum 60 22 
Neareſt —_—_ of centre's Dd and earth's ſhadow, — 2 36 
, ” 
Parts deficient - - - 57 46 
Digits eclipſed - - - 210 27 47 
a” 
Motion of ſemi-duration - — 3618 
* H. M. 8. 
Time of ditto - 7-49 ov 
Motion of ſemi-duration in total darkneſs = 1677 
Time of ditto - - 27 87 
H. M. 8. H. M. S. 
Ap. time mid. at Nor. 1147 3 Ditto 1147 3 
Semi-dura. — and + 1 53 50 Semi-du, dark. —&K T 27 57 
— — 
Begin - 9 53 13 Darkneſs begins 11 19 6 
End - 13 40 53 Ditto end - 12 15 © 


Whence the Apparent Times at Norwich as under: 


| | H. M. 8. 
Eclipſe begins? - SIT By 
Be ſnning of total . — - 11 i9 6 
Ecliptic 8 | - — 11 46 43 
Middle of the eclipſe - - 9:43:49 
Total darkneſs end bes - 13 16 © 
End of the ecllpſe - — 13 40 53 

20 7 77 
Digits eclipſed - 21 27 41 
Duration 5 total darkneſs „ 9 35 
Duration of eclipſe - * 3 47 40 


O A Calculation 


\# 


( 98 ) 


A Calculation of a Solar Eclipſe that will happen on Thurſday 


September the 5th, 1793, for the Meridian of the City of 


Norwich. 
| . 
Ecliptic 6 mean time at Greenwich, Sept. 4 23 
Diff. of Merid. between Greenwich and Nor. + 
Ecliptic & mean time at Norwich - 4 23 


Equation of apparent time + 


Ecliptic & app. time in the merid. of Norwich 5 © 


0 
Longitude of the © and) in the ecliptic MP 13 
Moon's true latitude, N. A - - 
Moon's ſemi-diameter - _ 
Sun's ditto - * 
Moon's horizontal parallax - - 
Sun's ditto - . 
Moon's horary motion - — 
Sun's ditto "OTF - 
Horary motion of the ) a' © - - 
Sun's declination, N. - - 6 
Sun's right aſcenſion - - 164 
Apparent time from ncon — - + 
Right aſcenſion of medium celi - 164 
Complement ſhort of «> - - 15 
Medium celi in the ecliptic - - M 13 
Meridian angle - - 67 
Declination ef the culminating point, N. + 6 
Altitude of the equator at Norwich - 37 
Altitude of medium celi - - 43 
Altitude of the norageſima degree - - 48 
Diſtance of medium celi from nonageſima — 21 
Nonageſima degree in — 3 K 22 
Moon from the nonageſima - - 21 
Horizontal parallax Þ a © A * 
Parallax in — D a“ O : A 

o 
Moon's viſible longitude - W 13 
Moon's latitude, N. A.” - - 
Parallax in latitude ) 27 0 - - 
Moon's viſible latitude, N. AK. - 


M. 
53 


50 


8. 
41 


29 


To the nonageſima add three ſigns, the aſcendent is in 
M. 221 35595 whence the luminaries are between the nona- 
aſc 


geſima and 
happen before the true. 


endent, or in the oriental quadrant; ſo the viſible 


At 


699) 


At one hour before eclip, & me. time at Green 
Difference of meridians + - 

Mean time at Norwich - ſo 
Equation of apparent time + . - 
Apparent time at **. Sept. - 
Sun's place then - 
Moon in the ecliptic - . 
Horizontal parallax D «' - 
Parallax in longitude ) a” © - 
Viſible ecliptic place of the » 

Ditto at the ecliptic 4 - - 
Viſible hourly motion - 

Hourly motion of the © 
Viſible hourly motion ) a' © Wu; 
Moon's true latitude, N,. A. = 
Parallax in laticude Þ a' © - | 
Moon's viſible latitude, N. A - - 1 


As viſible hourly motion D a' © 217: 32// to 1 hour, fo is pa- 
rallax in — » 47 © to interval, from true to viſible, 


6 40% 505 
D. H. M. 8. 
Apparent time of ecliptic & Norwich 3% 6a 
Interyal in time ſubt. - - 40 5 
Viſible 4 apparent time at Norwich - 4 23 20 19 
Sun's longitude then - Wm 13 14 59 
Moon's longitude then - - = 12 66 ""20 
Moon's latitude then, N, A. | - 38 48 
Parallax in longitude ) a' © - 22 37 
Moon's viſible longitude - - M 13 27 56 
Parallax in latitude ) a“ © : * 27 51 
Moon's viſible Jatitude, N. A. - 10 57 
At one hour before viſible 4 - 4 22 20 19 
Sun's longitude then - WM 13 12 34 
Longitude of the Moon - — Wm 12 23 25 
Moon's latitude, N. A. - - 30 2 
Horizontal parallax ) a“ © - - 53 58 
Moon's viſible longitude - 3 
Ditto at viſible 4. - - mM 13 17 55 
Viſible hourly motion » - - 24 50 
Hourly motion of the © - . 2 256 
Viſible hourly motion » a" O - 22 25 
Parallax in latitude P a7 © = - 30 9 
Moon's viſible latitude, N. A. - $29 
At one hour aſter viſible G . 5 o 20 19 
Sun's longitude 8 oe”, m 13 17 24 
Moon's ditto - mm 13 27 11 
Moon's latitude, N. A. - - 41 34 
Horizontal parallax of the) - bu 40 
5 arallax 


Parallax i in 8 27 O 1 ; 12 
Moon's viſible longitude — - 1 13 42 23 
Ditto at viſible 6 = - Mm 13 17 55 
Viſible hourly motion) > — 24 28 
Hourly motion © * - 2 25 
Viſible hourly motion ) a“ © - - PTY 
Parallax in latitude ) a! © - - 36- 31 
Moon's viſible ade, N. A — - 3 3 
o 8 
Angle of viſible way of the ) at viſible & 1 4 26 
Motion from viſible & to * obſcuration = 7 
H. . 
Viſible 8, Sept. 5, 1793, A. M. - 11 20 19 
Time from vidi ble 4 to greateſt obſcuration — 19 
Time of greateſt obſcuration - - 11 20 oo 
, i” 
Viſible diſtance of centres of the © and & at greateſt 6 
obſcuration 5 
Viſible motion of ſemi-duration - - 28 48 
b 0 / 7 
Angle of viſible way p with the ecliptic from be- 8 
ginning of eclipſe to greateſt obſcuration = 3 
Vitible motion in longitude from 8 — of 1 
eclipſe to greateſt obſcuration 5 1.45 
H. M. 8. 
Time of incidence - — 1 14 16 
Time of repletion i - 35 
Semi- diameter of the penumbra — - 30 48 
Parts deficient 3 - 19 52 
5 6 
Digits eclipſed < - . ee e e 
Whence the apparent time of this eclipſe at Norwich, Sept. 
5, 1793, A. M. 
H. M. 8. 
The eclipſe degin at Norwich 2 * A. M. 10 5 44 
Greateſt een 11 20 oo 
Viſible 6 = - 11 20 19 
End of the eclipſe, P. | + 12 35 30 
358 00 58 89 
Digits eclipſed 0 7 25 £6 


Duration * the eclipſe ” — 2 29 


2 —— — — 


